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FOREWORD 

 
Radiation processing is a very convenient tool for imparting desirable effects in materials and it 

has been an area of enormous interest in the last few decades. Radiation processing of synthetic and 
natural polymers for improving their characteristics is largely used in laboratory and industrial scale. 
Radiation sterilization is a well developed and established technology for many products. It is 
especially useful for the treatment of pharmaceuticals due to flexibility of radiation processing to be 
carried out at any desired temperature, sterilizability of mixed products in kits, offering simultaneous 
sterilization and modification of polymer based formulations. The success of radiation technology for 
processing of synthetic and natural polymers and treatment of pharmaceuticals has been based, to a 
large extent, on empirical knowledge. But now, the applications of natural polymers are being sought 
in knowledge-demanding areas such as pharmacy and biotechnology. Reliable analytical methods are 
being developed for controlling of degradation effects of radiation on polymers. Procedures and 
chemical formulations are being investigated enhancing or preventing degradation effects depending 
on the desired application of the process. 

 
The Coordinated Research Project (CRP) on the use of radiation processing for sterilization or 

decontamination of pharmaceuticals and pharmaceutical raw materials has been completed in 2002. 
The overall objective of the CRP was to coordinate the research and development programmes carried 
out in different countries in use of radiation processing for sterilization or decontamination of 
pharmaceuticals and pharmaceutic raw materials. 

 
It has been concluded that in addition to well known advantages of radiation sterilization being 

a well developed and established technology requiring the control of only one parameter, dose, to 
achieve sterilization; it is especially useful for the treatment of pharmaceuticals due to flexibility of 
radiation processing to be carried out at any desired temperature, sterilizability of mixed products in 
kits, offering simultaneous sterilization and modification of polymer based formulations.  

 
Radiation sterilization has already demonstrated its advantages over conventional (chemical) 

methods, with the scale of its application rising. The results of the CRP demonstrated new fields of 
applications and roles of the process in the decontamination of natural medical herbs, which finds 
increasing usage worldwide. The process application for synthetic pharmaceuthicals sterilization has 
also been demonstrated. The analytical and processing procedures were elaborated for selected 
materials. The radiation effects on drugs of different types and on traditional herbal medicine 
components (e.g.Traditional Chinese Medicines) were investigated, in particular the identification of 
the products of radiolysis was achieved and evaluation of their role in changing of biological activity 
of radiation sterilized pharmaceuticals was performed. Some of the methods were introduced to the 
manufacturer practice. New TC projects in the field were initiated. 

 
Despite all these apparent advantages, radiation sterilization of pharmaceuticals has to be 

addressed on a case by case basis. It has been concluded that radiation sterilization of aqueous 
solutions and suspensions of most organic substances is difficult if not impossible. The trends and 
opportunities of using radiation processing for sterilization and decontamination of pharmaceutical 
raw materials and herbs have been evaluated. Proteins and polysaccharides and their formulations and 
new biotechnology products are currently being considered for radiation sterilization. 

 
The IAEA wishes to thank all the participants in the CRP for their valuable contributions. The 

IAEA officers responsible for this publication are O. Güven and A.G. Chmielewski of the Division of 
Physical and Chemical Sciences. 



iv 

 

EDITORIAL NOTE 

This publication has been prepared from the original material as submitted by the authors. The views 
expressed do not necessarily reflect those of the IAEA, the governments of the nominating Member 
States or the nominating organizations. 
 
The use of particular designations of countries or territories does not imply any judgments by the 
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and 
institutions or of the delimitation of their boundaries. 
 
The mention of names of specific companies or products (whether or not indicated as registered) does 
not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement 
or recommendation on the part of the IAEA. 
 
The authors are responsible for having obtained the necessary permission for the IAEA to reproduce, 
translate or use material from sources already protected by copyrights. 
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EXECUTIVE SUMMARY 

 
SCIENTIFIC BACKGROUND 

 
Commercial radiation sterilization has been used for more than 50 years. Currently, 40 - 50% of 

disposable medical products manufactured in North America are radiation-sterilized. Worldwide, over 
200 gamma irradiators are being operated for a variety of purposes in 55 countries, 120 of these plants 
are located in Europe and the USA. Syringes, surgical gloves, gowns, masks, band aids, dressings, 
theatre packs, bottle teats for premature baby units, artificial joints, food packaging, raw materials for 
pharmaceuticals and cosmetics are gamma sterilized. Most remarkable regulation impacting on a 
switch to irradiation from ethylene oxide (EtO) was pollutant release and transfer registers proclaimed 
in many countries (for example, in Japan in 2001 EtO gas was included in the list of poisonous 
materials and its phase out enforced in 2002).  

 
An increasing number of electron accelerators are also being used, although they currently 

process the minority of radiation-sterilized products. The use of electron beam as radiation source has 
many attractive features, like nearly instantaneous dose delivery, scalability for different throughput 
and the capability to integrate in an online process. E Beam would seem to suffer from processing 
inflexibility due to penetration limitations and gamma radiation is apparently a non-starter by virtue of 
using radioactive sources. Examination of these would seem to identify X radiation as the technology 
of choice. The use of high-energy X rays for sterilizing medical devices was proposed during the 
1960s, and implemented during the 1990s. X ray processing is now practicable for these applications 
because high-energy, high-power electron ac celerators and large-area targets for converting electron 
beams to X rays are readily available, and the unit costs are comparable to other treatment methods.  

 
The ionizing radiation may modify the physical and chemical properties of materials. The 

changes in the structure depending on the dose and treatment conditions (e.g. temperature, oxygen-free 
atmosphere, etc.) may occur immediately or hours, days, months after material irradiation. These 
changes could be beneficial or undesirable. Therefore, the areas of controlling effects of polymer 
irradiation and applying newly developed analytical techniques for understanding radiation effects in 
polymeric materials remain as areas where there is much to do to promote more extensive use of 
radiation processing. 

 
Radiation processing techniques have evolved so that radiosterilization has become the first 

choice for thermo-sensitive solid state drugs as described in the EMEA decision trees for the selection 
of sterilization methods. However, the use of ionizing radiation for drugs in aqueous solution is not 
even considered. There is a consensus that radiosterilization should not be applied to drugs in aqueous 
solution because of the greater degradation of the drug compared to the solid state. While the 
radiolysis of water is extensively documented there is a lack of knowledge concerning the fundamental 
mechanisms of the destruction of drugs in aqueous solution.  

 
The degradation of a drug solute in aqueous solution is brought about by the attack of free 

radicals generated by the water radiolysis and depends on several parameters such as the absorbed 
dose, the dose rate, the temperature and the drug concentration. The R&D is going on using computer 
simulation program at room temperature to determining how each parameter influences the 
degradation of the drug and thus in optimizing the sterilization of drugs in aqueous solution. 

 
For pharmaceuticals, the geometry of the vials as well as the nature of the packaging material 

(glass or plastic vial, stopper, sealing) can also affect the distribution of the absorbed doses. In 
addition, in the case of accelerators, the angular divergence of the emitted beam from "beam 
centreline" impacts the uniformity of the doses received.  
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Therefore before scaling up pharmaceutical sterilization or decontamination to industrial end 

users the elucidation of defined conditions of radiation processing in order to achieve the homogeneity 
of the absorbed dose inside a single vial and throughout a tray containing several vials filled either 
with a dry powder or an aqueous solution has to be further investigated. 

 
Progress in this field can be achieved through close collaboration with microbiologists, medical 

doctors, pharmacists, agro- and food specialists. Public awareness and technology acceptance are other 
factors to be considered for further dissemination of discussed applications. 

 
 
CRP OBJECTIVES 

 
The overall objective of the CRP was to coordinate the research and development programmes 

carried out in different countries in use of radiation processing for sterilization or decontamination of 
pharmaceuticals and pharmaceutic raw materials. 

 
The specific objectives were: 
 
• to study the radiation effects on drugs of different types and traditional herbal medicine 

components (e.g.Traditional Chinese Medicines) for identification of the products of 
radiolysis and evaluation of their role in changing of biological activity of radiation 
sterilized pharmaceuticals. 

• to introduce the methods to the manufacturer practice was  
• to review the technology and procedures adopted at commercial and R&D radiation centers 
• to discuss engineering and radiation source aspects, including isotope, accelerator and e/X 

conversion units. 
• To introduce accreditation procedures, QC&QA, dosimetry and operation safety. 
 
The medical products sterilized by radiation, where still new developments are possible, e.g. 

pharmaceuticals sterilization, natural herbs decontamination and tissue grafts banking, were addressed 
by CRP participants.  

 
 
DOSIMETRIC ASPECTS FOR RADIATION STERILIZATION 
Radiation sterilization being a well developed and established technology requiring the control 

of only one parameter, dose, to achieve sterilization; it is especially useful for the treatment of 
pharmaceuticals due to flexibility of radiation processing to be carried out at any desired temperature. 
The methods of establishing the sterilization dose require product to be irradiated at doses within 
specified tolerance level. The dosimetry system used to monitor such doses has to be capable of 
providing accurate and precise measurement over the entire dose range of interest. 

 
The configuration of the product during irradiation should be chosen to achieve the minimum 

practical variation in dose, both for individual items and between different items. This may necessitate 
the irradiation of product items individually. In exceptional cases, it may be necessary to dismantle 
and repackage the product in order to achieve an acceptable range of doses applied to the item. 

 
To determine the range of the doses applied to product, dose mapping exercises are performed. 

These dose mapping exercises do not have to be carried out at the same dose as used for dose setting 
irradiation. The use of higher doses may enable the dosimetry system to be used in more accurate part 
of its operating range, thereby improving the overall accuracy of the dose mapping. 
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Irradiation for dose establishment or substantiation purposes using gamma-rays is normally 
carried out in a special facility that is designed for irradiation with doses lower than the sterilization 
dose, or at a defined location outside the normal product path in a sterilization facility, such as a 
turntable or research carrier. 

 
Irradiation for dose establishment or substantiation purposes using electron can normally be 

carried out at the facility as that used for sterilization, as low doses can be achieved by reducing 
irradiator output power and/or increasing conveyor speed. Irradiation using electrons may be carried 
out with product surrounded by material to scatter the electrons and produce a more uniform dose 
distribution. 

 
In the performance of a verification dose experiment, it is required that the highest dose to 

product does not exceed the verification dose by more than 10%. The highest dose is either measured 
directly during irradiation or calculated form dose mapping data 

 
The minimum frequency of dose measurement should be chosen based on the particular 

requirement of the irradiator or process. 
 

• For gamma plants, dosimeters are typically placed ay the beginning and at the end of each 
run of a particular processing category. Additionally, dosimeters may be placed so at least 
one dosimeter is within the irradiator cell ay all times. 

• For EB and X ray facilities, dosimeters are typically placed at the beginning and at the end 
of each run of a particular category utilizing a specific set of processing parameters. 

 
A repeat of the verification dose experiment is allowed if the arithmetic mean of the highest and 

lowest doses to product is less than 90% of the verification dose. The highest and the lowest doses can 
either be measured directly during irradiation or calculated from dose mapping data. 

 
 
CONCLUSIONS 

 
Radiation sterilization has already demonstrated its advantages over conventional (chemical) 

methods, with the scale of its application rising. The results of the CRP demonstrated new fields of 
applications and roles of the process in the decontamination of natural medical herbs, which finds 
increasing usage worldwide. The process application for synthetic pharmaceuthicals sterilization  has 
also been demonstrated. 
 

The main outputs of the CRP are: 
 
• ESR methods for free radicals concentration measurement in solid drugs have been 

developed 
• role of oxygen on the changes induced by radiation has been established 
• microbiological decontamination doses needed for the herbal materials have been 

determined 
• trace compunds produced during selected drug irradiation have been identified using 
• HPLC/MS and biological activity changes (including toxity) analyzed. 
 
Methods concerning radiation desinfection of the different herbal materials have been 

developed and implemeted in the everyday practice in many countries.  
 
Irradiation procedures and additives to prevent discoloration and oxidation of the components 

were elaborated. 
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Application range of gamma and electron beam irradiators for sterilization is growing , however 
some problems connected with replenishment and operation of gamma irradiators are observed. It 
concerns mostly transportation regulations. 

 
The CRP has an impact on the further developments concerning application of radiation 

processing for drug and natural medicine sterilization. Developed procedures and methods will be 
adopted in processing manuals and QC systems. Results obtained are the basis for national and 
international standards elaboration. Results of the research carried out in the frame of the CRP are 
important for the pharmaceutical industry. Guidelines will be adopted in its procedures. 

 
Further activities should concentrate on: 
 

- influence of radiation on materials  
- QC (including dosimetry) 
- development of new radiation processing lines 
- legal issues and standards concerning sterilization or decontamination of pharmaceuticals 

and pharmaceutical raw materials. 
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EFFECT OF GAMMA IRRADIATION ON DRUGS 

A.-S. CRUCQA, V. DERIDDERB, A. ENGALYTCHEFFB, C. SLEGERSB, B. TILQUINB 
aEli Lilly, MSG 
bUnité d'Analyse Chimique et Physico-chimique des Médicaments, 

UCL-7230, CHAM - Université Catholique de Louvain, Bruxelles, Belgium 
 
Abstract 
Several drugs (ceftazidime, vancomycin, glucagon, erythromycin and dobutamine) were studied in order 

to determine their radiostability. The methods used to measure the degradation of the drug were the potency and 
the colour change after irradiation. Electron spin resonance (ESR) is currently being used to detect irradiated 
foodstuffs and may be a promising technique to detect irradiated drugs. Trapped radicals in cefazolin sodium 
were studied and quantified by ESR for this purpose. It is proposed that the trapped radicals play an important 
role in the formation of the final radiolytic compounds. The potency of ceftazidime was not significantly 
modified after an irradiation of 25 kGy, whereas the potency of erythromycin and dobutamine decreased slightly. 
Glucagon was revealed to be radiosensitive with a significant decrease in its potency after irradiation. The visible 
spectra of glucagon and dobutamine did not change significantly after irradiation. The absorbance of 
erythromycin and vancomycin increased after irradiation. According to European Pharmacopoeia standards, the 
colour change of ceftazidime is unacceptable. The ESR spectra reveal that the trapped radicals in cefazolin 
sodium are characteristic of an irradiation. The radical concentration is dependent on the irradiation dose and 
decays over time. Radical concentration in cefazolin sodium was reduced by 99% after 100 days of storage. 
These radicals are responsible for about 13% of the measured final radiolytic product. Ionic reactions could also 
lead to final radiolytic products. 

 

1. INTRODUCTION 

 
The growing interest centered on treatment of pharmaceuticals by ionizing radiation arises from 

the clear advantages this process offers compared to other methods of sterilization. The process can be 
carried out on the packaged product and may be applied to heat sensitive drugs. Radiation processing 
is clean and well controlled [1]. One of the major concerns of using ionizing radiation to sterilize 
pharmaceuticals is the formation of radiolysis products that might affect the quality of the drug. Two 
studies on the effect of irradiation on drugs were performed. 

 
Studies show varying degrees of damage caused by irradiation on drugs [2–6]. Each drug is 

analysed individually because of the difficulty in predicting their radiostability. The first study 
investigates the radio-induced degradation of several drugs (ceftazidime, vancomycin, glucagon, 
erythromycin and dobutamine). The extent of the drug degradation is estimated by the potency loss 
and the colour change after irradiation. 

 
In previous works [5, 6], trapped radical identification and final product analysis proved useful 

to elucidate the radiolysis mechanism. It is postulated that the trapped radicals, formed by the 
absorption of energy from the ionizing radiation, play an important role in the formation of the final 
radiolytic products. To optimize and to control the radiosterilization process, the mechanisms leading 
to the formation of “radio-induced impurities” need to be understood. The second study investigates 
the radiolysis mechanism in cefazolin sodium.  

 
ESR spectroscopy was used to study the formation and decay of cefazolin sodium radicals. ESR 

is the most sensitive method for detecting unpaired electrons such as those present in free radicals [7]. 
These radicals are transient species that can be trapped in the solid for up to several weeks and they 
provide evidence of irradiation. The radicals of cefazolin sodium are quantified to see if they are 
responsible for the final radiolytic products. 
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2. DETERMINATION OF THE DEGRADATION OF DRUGS (PART I) 

2.1. Experimental part 

2.1.1. Reagents 

All products are from Eli Lilly (drug products): Tazidime® (Ceftazidime), Vancocin® 
(Vancomycin hydrochloride), Glucagon® for injection (Glucagon), Ilotycin® Gluceptate 
(Erythromycin gluceptate) and Dobutrex® solution (Dobutamine hydrochloride). 

 

2.1.2. Irradiation 

Irradiation was performed in dry ice with a Gammacell 220. The dose rate was about 10 Gy s-1 
and the dose was 25 kGy. Irradiations were performed in triplicate. 

 

2.1.3. Potency 

(1) Ceftazidime: Analytical column Merck LiChrophere 100, 5 µm, 4.6 mm×25 cm; Column 
heater: 30°C; Mobile phase: (water, 25% tetrabutylammonium hydroxyde in methanol, 85% 
phosphoric acid (900-10-5) - methanol (93 - 7); Flow rate: 1 ml/min; UV detection at 262 nm. 
Samples were prepared by weighing 16 mg of Tazidime into a 100 ml volumetric flask and 
diluting with water. 

(2) Vancomycin: Analytical column Merck LiChrosphere 100, 5 µm, RP-18, 4.6 mm×25 cm; 
Column heater: 30°C; Mobile phase: gradient Mobile phase A (triethylamine buffer-
acetonitrile-tetrahydrofuran (93-6-1)) - Mobile phase B (triethylamine buffer-acetonitrile-
tetrahydrofuran (70-29-1)). 0-12 min: Mobile phase A: 100%; 12–20 min: Mobile phase B: 
100%; 23–30 min: Mobile phase A: 100%.; Flow rate: 2 ml/min.; UV detection at 280 nm. 
Samples were prepared by weighing 40 mg of Vancocin into a 100 ml volumetric flask and 
diluting with mobile phase A. 

(3) Glucagon: Analytical column Zorbax 300 SB-C8, 5 µm, 4.6 mm×25 cm; Column heater: 35°C; 
Mobile phase: acetonitrile-0.2 M NaH2PO4.H20, 0.04 M cysteine at pH 2.6 (1-3-4); Flow rate: 1 
ml/min.; UV detection at 214 nm. Samples were prepared by diluting 1 vial (1 mg of Glucagon) 
into 1 ml of diluent.  

(4) Erythromycin: Analytical column Merck LiChrosphere 100 RP-18, 5 µm, 4.6 mm x25 cm- 
Column heater: 30°C; Mobile phase: 1 g of sodium pentane sulphonate into 700 ml of water, 
300 ml of acetonitrile, 20 ml of triethylamine adjusted to pH 3 with phosphoric acid; Flow rate: 
1 ml/min; UV detection at 195 nm. Samples were prepared by weighing 50 mg of Ilotycin 
into a 20 ml volumetric flask and diluting with sample solvent (1 g of sodium pentane 
sulphonate into 700 ml of water, 300 ml of acetonitrile, 20 ml of triethylamine adjusted to pH 7 
with phosphoric acid). 

(5) Dobutamine: Analytical column Supelco, Supelcosil LC-18, 5 µm, 4.6 mm×25 cm; Column 
heater: 30°C; Mobile phase: 60:24:16 (v/v/v) mixture of ion pair reagent (15.6 mM 1-
octanesulfonic acid solution pH 2.5), acetonitrile, methanol; Flow rate: 1 ml/min.; UV detection 
at 280 nm. Samples were prepared by diluting 0.5 ml of dobutamine HCl into a 10-ml 
volumetric flask and diluting with mobile phase. 

 
These HPLC procedures were used only for potency determination and not for the impurity 

profile evaluation. In the latter case, the main peak is allowed to saturate the signal. 
 

2.1.4. Colour determination 

The visible spectra were recorded with a UVIKON 933 spectrophotometer. Water from 
Millipore-Q was used as a reference.  
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Samples were prepared by weighing 50 mg of freeze dried product into 1 ml volumetric flask 

and diluting with water, except for glucagon (1 vial containing 1 mg of glucagon and 49 mg of 
lactose/1 ml of diluent) and the Dobutrex solution, which was analysed as received (250 mg of 
dobutamine/20 ml). 

 

3. RESULTS AND DISCUSSION 

3.1. Potency 

The potencies of the screened compounds after an irradiation of 25 kGy are summarized in 
Table I. The potencies are expressed in percentage relative to the potency of the non-irradiated 
samples: (potency irradiated / potency non-irradiated)×100. 

 

TABLE I. POTENCIES OF SCREENED COMPOUNDS IRRADIATED AT 25 KGY 

Coumpound Relative potency after irradiation (%) 
Ceftazidime 98 ± 2 
Erythromycin 97 ± 1 
Dobutamine 96 ± 2 
Vancomycin 95 ± 3 
Glucagon 88 ± 3 

 
Potency was not significantly modified after an irradiation of 25 kGy for ceftazidime; was 

slightly decreased for erythromycin, dobutamine and vancomycin; was significantly decreased for 
glucagon. These results are in good agreement with data on the antibiotic activity after irradiation of 
vancomycin and erythromycin [7]. All the irradiated drugs fell within acceptable limits, except for 
glucagon. 

 
The solid samples were found to be radioresistant except for glucagon, because it readily 

oxidizes into a radical through hydrogen abstraction (R-SH → R-S•). 

3.2. Colour determination 

In order to detect a modification in colour after irradiation, the absorption spectra of solutions 
prepared with non-irradiated and irradiated drugs were compared in the visible light region 
(380-780 nm). The visible spectra of glucagon and dobutamine were not significantly modified after 
irradiation. Irradiated erythromycin and vancomycin showed an increase in absorbance. The colour 
change of ceftazidime was found to be unacceptable according to the European Pharmacopoeia 
standards. 

 

4. MECHANISMS LEADING TO THE RADIOLYTIC PRODUCTS IN RADIOSTERILIZED 
CEFAZOLIN SODIUM (PART II) 

4.1. Experimental part 

4.1.1. Reagent 

Cefazolin sodium was supplied from Eli Lilly as the freeze-dried product, Kefzol®. 
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4.1.2. Irradiation 

Irradiation was performed on Kefzol® (freeze dried material) at room temperature, in a 
Gammacell 220. Glass vials of about 2 g of Kefzol® / vial were irradiated. The dose rate was about 10 
Gy s-1 and the doses ranging from 2 to 30 kGy. The irradiations were performed in triplicate. 

 

4.1.3. ESR measurements 

A Jeol RE series ESR spectrometer connected to a Jeol Esprit 330 ESR system was used. The 
spectra were recorded at 25°C using the following conditions: Field set: 336.7 mT; Scan range: ± 7.5 
mT; Microwave frequency: 9.446 GHz; Microwave power: 0.6 mW; Modulation frequency: 100 kHz; 
Modulation amplitude: 0.05 mT; Time constant: 0.01 s; Scan time: 2 min. Activated carbon diluted in 
KCl obtained from Varian (Pitch) was used as external calibration standard. Quartz tubes of about 20 
mg of irradiated powder were analysed. 

 

4.1.4. High performance liquid chromatography 

The following HPLC system was used: Pump Spectra Physics SP 8800; Auto sampler SP 8880 
with injection loop of 20 µl; Variable wavelength detector Spectra 100. 

 
For the potency determination: Analytical column Ultrasphere ODS 5 µm, 4.6 mm×15 cm; 

Column heater: 30°C; Mobile phase: acetonitrile, triethylamine solution (10 ml/L) adjusted at pH 2.5 
with phosphoric acid (9-91); Flow rate: 2 ml/min.; UV detection at 220 nm. Samples were prepared by 
weighing 25 mg of Kefzol® into a 50-ml volumetric flask and diluting with mobile phase. 

 
For the impurity profile evaluation: Analytical column Merck Licrosphere I 00 RP-18 5µm; 4.6 

mm×25 cm; Column heater: 3 0 °C; Mobile phase: gradient acetonitrile-weak solvent (786 mg 
diethylamine HCl, 2.4 g sodium phosphate monobasic monohydrate into 1 L, pH adjusted to 2.5 with 
phosphoric acid). Initial composition: weak solvent: 100%. Linearly increase the percentage of 
acetonitrile at a rate of 1%/min. to a final composition: acetonitrile; weak solvent (30-70). Hold this 
composition for an additional 10 min.; UV detection at 220 or 450 nm or Beckman Diode Array 
detector. Samples were prepared by weighing 50 mg of Kefzol® into a 10-ml volumetric flask and 
diluting with sample solvent (18 g potassium phosphate monobasic dissolved in 1 L water). 

 

4.1.5. Colour determination 

The absorbance at 450 nm was measured with a UVIKON 933 spectrophotometer. Water from 
Millipore-Q was used as a reference. Samples were prepared by weighing 100 mg of Kefzol® into 1 
ml-volumetric flask and diluting with water. 

 

5. RESULTS AND DISCUSSION 

5.1. Detection of radicals in irradiated cefazolin sodium samples 

 
Only irradiated samples showed ESR spectra (Fig. 1). These spectra, characterized by four lines, 

are complex and not well resolved and therefore do no allow radical identification. Significant signals 
were recorded at even low irradiation doses of about 2 kGy; knowing that sterilization requires about 
10-25 kGy, it should be no problem to detect irradiated drugs by ESR.  

 
ESR is already being widely used to detect irradiated foodstuffs [8]; a new application would be 

to distinguish between irradiated and non-irradiated drugs. The use of ESR to detect irradiated drug 
samples is feasible only if the signal persists during the shelf-life of the drug. As the regulations vary 
in different countries, a reliable detection method of irradiation is very important.  



 
 

10 
 

 

 

FIG. 1. ESR spectra of Kefzol irradiated at 0; 2; 11 and 25 kGy, recorded 3.05 h after the end 
irradiation. Different gains were used to record the spectra: from 4000 for the non-irradiated 

sample to 40 for the sample irradiated at 25 kGy. 

5.2. Radical stability 

 
Tests were carried out to investigate whether the storage had an effect on the concentration of 

free radicals. Storage at ambient temperature in a quartz tube over several weeks (102 days) showed a 
decrease in the quantity of free radicals. The free radical concentration is estimated by the area of the 
ESR signal (Fig. 2). 
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FIG. 2. Radical decay curve in cefazolin, ceftazidime, and ampicillin irradiated at 2 kGy. 

 
Approximately 100 days after the irradiation of cefazolin, the radical concentration decreased by 

99%, but the ESR signal was still easily detected. J.P. Basly, et al. suggests that the decay of free 
radicals can be divided in two phases: the first, corresponding to a “fast” exponential decay and the 
second, corresponding to a “slow” linear decay [9–12]. The slow decay results from the reorganization 
of micro-volumes in the solid matrix [1]. This process is very slow and would account for the limited 
diffusion of radicals and molecular species in the solid. Radicals can then disappear by recombination, 
but the phenomenon is slow and explains why radicals can be trapped during several months, and 
sometimes years. 
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The conservation of the radicals in irradiated cefazolin samples is poor compared to other 

antibiotics (ceftazidime and ampicillin for instance). Generally, in those antibiotics, 40 to 60% of 
radicals are still present several months after irradiation [5, 7–9]. One exception was reported for 
cefuroxime sodium samples [7]. The conservation of radicals must be related to the physical properties 
of the solid. If the solid allows rapid diffusion, the radical concentration will decrease rapidly, and 
inversely, if the diffusion is slow, the radical concentration will decrease slowly. 
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FIG. 3. Radical decay in irradiated Kefzol normalized at 3.13 h versus time. Normalized area (%) = 
(area at time t / area of the same samples at time t = 3.13 h) ×100 (t is the delay (h) between 

end of irradiation and ESR measurements) (n = 3). 

 

0

20

40

60

80

10 0

12 0

0 50 100 1 50 200
T im e (h)

N
or

m
al

iz
ed

 h
ei

gh
ts

 (%
)

l ine n°1

line n°2

line n°3

line n°4

 

FIG. 4. Lines' height normalized at 3.13 h of Kefzol irradiated at 30 kGy versus time (n = 3). The height 
was defined by the distance from the positive or negative top of the peak to the baseline. 

 
The rate of decay of radicals in irradiated cefazolin samples was found to be dependent also on 

the irradiation dose as shown in Fig. 3. The first phase of radical decay is faster when the irradiation 
dose is higher. Moreover, the shape of the ESR spectra depends on the storage time (Fig. 4). Lines 2 
and 4 decrease with the same rate and are probably due to the same radical. The decrease of lines 1 
and 3 is slower. This difference in the variation of the relative intensities of the lines indicates the 
presence of different radicals. A mixture of different radicals in irradiated pharmaceuticals has been 
previously reported [5, 13]. 
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5.3. The dose effect on the radical concentration 

Fig. 5 shows the relative radical concentration in cefazolin samples irradiated at different doses. 
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FIG. 5. Relative radical concentrations in Kefzol versus irradiation doses. The measurements were 
performed 3.13 h after the end irradiation (n = 3). 

 
The concentration of radicals increases linearly with the irradiation dose up to 15-30 kGy. At 

higher irradiation doses, the growth of radicals is slower and reaches a plateau. The deviation of the 
radical yield from linearity is common and similar findings are found in other studies [10–12, 14–15]. 
Rapid processes remove radicals during the irradiation other than those occurring after the radiolysis. 
The radiolytic compounds accumulating in the solid may scavenge part of the energy used to produce 
radicals, and this would explain the dose effect.  

5.4. Estimation of the radiosensitivity 

 
The final radiolytic products may originate from the radicals formed during the radiolysis. An 

investigation to see if the radical yield (G) reflects the radiosensitivity of cefazolin sodium was 
performed. The radical yield (G) is defined as the number of moles of radicals formed per Joule of 
energy absorbed. 

 
The radical yield (G) was calculated to be 1×10-7 or 7×10-7 mol J-1, depending on the 

quantitative reference used for ESR, activated carbon diluted in KCl from Varian (Pitch) or DPPH 
(2,2-di(4tert-octylphenyl)-l-picrylhydrazyl) respectively. These radical yields are estimates because 
the ESR response depends on the nature of the radicals. Ideally, the calibration curve must be made 
using similar radicals. Radicals from irradiated cefazolin were not identified because reference 
standards were not available.  

 
The average G-value of cefazolin radicals (4×10-7 mol J-1) is of the same magnitude as that of 

other antibiotics such as ampicillin (4×10-7 mol J-1) and ceftazidime (0.6×10-7 mol J-14), as well as 
other drugs like dopamine, norepinephrine and cefotetan [11, 12]. 

 
Using the average G-value of 4×10-7 mol J-1 and supposing that all the radicals lead to final 

products, the potency loss of cefazolin was estimated to be 0.5% after an irradiation of 25 kGy. An 
irradiation of 25 kGy (25,000 J Kg-1 . 4×10-7 mol J-1) produces 0.01 moles of radicals per kilo. If each 
radical induces the degradation of one molecule of active compound, one kilogram of cefazolin 
sodium looses 0.01 moles or 5×10-3 kg of cefazolin sodium (MW 476.5) after 25 kGy. This 
corresponds to a 0.5% loss. 
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The potency of cefazolin samples irradiated at 25 kGy, measured by HPLC, was found to be 
3.85 ± 0.9% lower than the potency of the non-irradiated samples. The radiation damage is then under-
estimated by 13% (0.5% instead of 3.85%). The following hypotheses are proposed: 

 
― The delay between the end of irradiation and the G-value determination was minimized as much 

as possible (a few hours), but since the radical decay is fast in the first phase after irradiation, a 
part of the radicals were not taken into account for the G-value calculation. 

― Some final radiolytic products are formed during the radiolysis. Only some of the radicals are 
trapped and may be observed by ESR. A large proportion of the final products are formed by 
immediate recombination. 

― Ionic reactions like ion-molecule reactions (resulting from electrons trapped before diffusing 
back to the cations), give final radiolytic products. Ions are formed and may react before 
geminate neutralization. This hypothesis is supported by the thermoluminescence generally 
observed in irradiated food or drugs [16]. This results from the late neutralization when the 
electron is de-trapped by thermal effect. 

5.5. Origin of the colour 

The main problem encountered with radiosterilized cefazolin sodium is that the reconstituted 
solution is yellow instead of clear. Even low irradiation doses of about 2 kGy brought about an 
unacceptable colour change according to European Pharmacopoeia specifications [17]. The extent of 
the yellow colour change was estimated by the absorbance at 450 nm after water dissolution of the 
irradiated powder (100 mg/ml) (Fig. 6). 
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FIG. 6. Absorbance at 450 nm of solutions of Kefzol powders irradiated at different irradiation doses 
(200 mg of irradiated Kefzol into 2 ml of MilliQ water) (n = 3). 

 
 
The absorbance is not directly proportional to the dose, it increases exponentially to a 

maximum. Final radiolytic compounds are responsible for the colour change and not the trapped 
radicals because these disappear upon dissolution of the solid. The final compounds were not 
identified because of the complexity of the impurity profile after irradiation [18]. The impurity profile, 
determined by HPLC, of non-irradiated samples was compared with that of samples irradiated at 25 
kGy (Fig. 7).  
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FIG. 7. Superposed chromatograms of solutions (5 mg/n-A) prepared from non-irradiated Kefzol and 
Kefzol irradiated at 30 kGy. Detection wavelength: 220 nm. 

 
In non-irradiated samples, 9 compounds (named a to i) were detected (A > 0.005 at 220 nm; 

injected solutions: 5 mg/ml). In the irradiated samples 28 compounds (1 to 28) were detected. The 
majority of compounds are new radio-induced impurities. Peak 13 (or c), already present prior to 
irradiation, was identified as 5-methyl-1,3,4-thiadiazol-2thiol and presents a significant absorption at 
450 nm.  
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FIG. 8. Superposed chromatograms of solutions (50 mg/ml) prepared from non irradiated and 
irradiated at 30 kGy Kefzol. Detection wavelength: 450 nm. 

 
 
As depicted in Fig. 9, the injection of highly concentrated solutions (50 mg/ml) with detection at 

450 nm shows that most of the radiolytic compounds slightly absorb at this wavelength. The products 
of radiolysis are present in traces in the complex chromatogram, rendering their identification 
impossible [18]. 
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6. CONCLUSION 

 
The potency of the drug after radiosterilization is not the limiting factor, but colour change of 

the reconstituted solution is. The extent of the radio-induced degradation was limited for erythromycin 
and dobutamine, according to their potency and visible spectra after an irradiation of 25 kGy. These 
drugs are good candidates for radiosterilization, unlike the cephalosporins (ceftazidime). 

 
Detection of irradiated drugs by electron spin resonance spectroscopy is promising: ESR is 

highly sensitive, specific to irradiated drugs, easy to use and does not require much sample. The only 
drawback is that the radio-induced signals must persist during the shelf-life of the drug. For irradiated 
cefazolin sodium, the poor radical stability could be a problem. Future testing should be directed 
towards determining if the ESR signal can still be recorded at the end of the shelf-life. 

 
In a molecular irradiated solid, the radiosensitivity is expressed by the ease of formation of 

trapped radicals, but for cefazolin sodium samples, trapped radicals cannot explain all of the formation 
of the final radiolytic compounds. Some of them are coloured compounds and don't come from 
trapped radicals. Mechanisms leading to final radiolytic compounds in irradiated cefazolin sodium, 
other than radical reactions, have to be postulated. 
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Abstract 
Traditional Chinese Medicines (TCMs) are natural products prepared from plants, minerals and animals, 

it is easy for contamination by microorganisms to occur; thus causing problems in complying with the 
requirements laid down for passing microbial limit tests. We selected some kinds of TCMs, including 
unprocessed materia medica, traditional Chinese patent medicine (TCPMs) and chemical constituents for 
irradiation by 60Co gamma ray and investigating the results in terms of microbiology, chemistry, pharmacology 
and toxicology. We found no evidence of changes in most of the tested items, which indicates that the irradiation 
method could be employed for decontamination of TCMs. However, some chemical constituents of unprocessed 
materia medica, such as gentiopicrin in Radix Gentianae Macrophyllae and 2,3,5,4’-tetrahydroxystilbene-2-O-
β -D-glucoside in Radix Polygoni Multiflori, decomposed when these crude materials were irradiated with dose 
of 5kGy. Further study revealed that although the medicinal were altered by irradiation, the monomers of some 
of these chemical constituents were not affected. In addition to investigation of the items described above, the 
doses of irradiation were selected experimentally to ensure that, after irradiation, the TCMs passed the microbial 
limit tests described in the Chinese Pharmacopoeia. The lowest possible doses were used in order to avoid any 
impairment of the quality and clinical efficacy of the effective ingredients of the TCMs.  

 

1. INTRODUCTION 

 
Using microbiology, chemistry, pharmacology and toxicology methods, e.g. microbial limit test, 

HPLC, TLC, anti-inflammation test, single dose acute toxicity, etc. to investigate the effect of 
irradiation decontamination on TCMs. 

 

2. EFFECT OF IRRADIATION ON MICROBIOLOGY OF TCMS  

 
Some kinds of TCMs was selected to be irradiated with 60Co gamma rays at the dose of 5kGy to 

study the effect of irradiation on the decontamination of them. Microbiological screening of the 
investigated TCMs and the monitoring of the survival of microbe after irradiation treatment are 
performed according to the methods of Chinese Pharmacopoeia. The 5kGy dose for decontamination 
of TCMs can pass the microbial limit test in Chinese Pharmacopoeia. 

 

2.1. Preparation of sample solution 

Dissolve or suspend 10.0 g of the specimen, weighed accurately, in 100 ml of sterile normal 
saline to produce a 1:10 dilution. Dilute this solution with the same solvent to get a 1:100 dilution. 

 

2.2. Methods 

2.2.1. Total aerobic microbial count 

Pipet 1 ml 1:10 dilution onto each of two sterile Petri dishes and do the same way of the 1:100 
dilution. Add to each dish 70 ml of Nutrient Agar Medium that previously has been melted and cooled 
to approximately 45℃. Cover the Petri dishes, mix the sample with the agar by tilting or rotating the 
dishes, and allow the contents to solidify at room temperature. Invert the Petri dishes, and incubate for 
48 h. Following incubation, examine the plates for growth, count the number of colonies.  
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2.2.2. Total combined molds and yeast count 
 

Proceed as for the plate method under Total Aerobic Microbial Count, except for using the same 
amount of Rose Bengal Sodium Salt Agar Medium, instead of Nutrient Agar Medium, and except for 
incubating the inverted Petri dishes for 72 hours (h) at 20 to 25ºC. 
 
2.2.3. Test for Escherichia coli 
 

To 10 ml of the 1:10 dilution contained in a tube, add a volume of fluid bile agar with lactose 
medium to make 100 ml, and incubate for 24 h at 37ºC, then subculture on a plate of EMB agar for 18 
hours. If no growth of microorganisms is detected, the sample solution being examined passes the test. 
If growth of colonies of Gram-negative rods, proved with other biochemistry test. 
 
2.3. Dose: 5kGy 
 
2.4. Results 

 
Test results are detailed in Tables I and II. 

TABLE I. DISTRIBUTION OF MICROBIAL CONTAMINATION IN NON-IRRADIATED 
SAMPLES 

Name Total aerobic microbial 
count (CFU/g) 

Total combined molds and 
yeast count (CFU/g) 

Escherichia coli 

Fructus arctii 31000 0 - 
Catechu 26000 0 - 
Radix rubiac 560000 0 - 
Radix polygoni 
multiflori 

3800 0 - 

Jiegudan 56000 0 - 
Xuezhikang capsules 0 0 - 

TABLE II. DISTRIBUTION OF MICROBIAL CONTAMINATION IN IRRADIATED SAMPLES 

 
Name 

Total aerobic microbial 
count (CFU/g) 

Total combined molds and 
yeast count (CFU/g) 

Escherichia coli 

Fructus arctii 1300 0 - 
Catechu 0 0 - 
Radix rubiac 4700 0 - 
Radix polygoni 
multiflori 

20 0 - 

Jiegudan 30000 0 - 
Xuezhikang capsules 0 0 - 
Chinese 
pharmacopoeia 

30000 for pills and 1000 
for capsules 

100 for pills and capsules 
 

Not allow 
existing 

 

3. EVALUATION OF PRE- AND POST- IRRADIATION CHEMICAL PROPERTIES OF TCMs 

3.1. Irradiation dose 

The irradiation dose is one of the key elements affecting the quality of TCMs. In this 
experiment, irradiation doses of 5kGy, 10kGy and 20kGy were used. A 10kGy dose is permitted by 
the World Health Organization for irradiation sterilization of food where toxicity testing is not 
necessarily involved. The batches were first irradiated with the higher doses, 20kGy and 10kGy; if the 
chemical constituents did not change, it can be assumed that they would not change with a lower dose.  
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If a change did occur, the batches were then irradiated with 5kGy dose and a comparison made 

of quality before and after irradiation. Observation of the effect of irradiation on decontamination 
provided information on the irradiation dose suitable for TCMs. 

 
3.2. Samples 
 
3.2.1. Unprocessed materia medica 
 

Flos Carthami Tinctorii, Folium Sennae, Flos Lonicerae, Calculus Bovis, Royal Jelly, Radix 
Gentianae Macrophyllae, Fructus Arctii, Catechu, Radix Rubiac, Radix Polygoni Mulgiflori. 
 
3.2.2. Traditional Chinese patent medicine 
 

Liuwei Dihuang Wan (Liuwei Dihuang pills), Jiegudan (Jiegudan pills), and Xuezhikang 
(Xuezhikang capsules). 
 
3.3. Analytical methods employed 
 

High performance liquid chromatography (HPLC), capillary electrophoresis (CE), thin layer 
chromatography (TLC), thin layer chromatography scan (TLC scan), ultra violet spectrophotometry 
(UV), amino acid analysis (AAA), etc. 
 
3.4. Individual item 
 
3.4.1. Royal jelly and ginseng royal jelly 
 

Royal jelly is a saccharine fluid deposited by Apis cerana fabricus or Apis mellifera linnaeus. 
The biological active constituents of it are 10-hydroxyl-2-decylenic acid (10-HDA), proteins and 
amino acids and some enzymes. 

 
Here we tested the irradiation effect on 10-HAD, proteins and amino acids by using HPLC and 

AAA methods. 
 
3.4.1.1. Comparison of 10-HDA in the non-irradiated and irradiated ones: 

 
The results are shown in Table III. 
 

TABLE III. 10-HDA IN ROYAL JELLY 

Name Dose 
(kGy) 

Non-irradiated 
 (%) 

Irradiated  
(%) 

Non/irr. (%) 

Royal jelly 10 2.09 2.11 100.60 
Ginseng royal jelly 5 0.463 0.465 100.43 

 
 
3.4.1.2. Proteins and amino acids 
 

See Table IV. 
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TABLE IV. COMPARISON OF PROTEINS AND AMINO ACIDS OF NON-IRRADIATED AND 
IRRADIATED ROYAL JELLY 

Detected Composition Non-irr. 
(g/100g) 

Irr.- 
5kGy 

(g/ 100g) 
10kGy 

Non- 
5kGy 

Irr.(%) 
10kGy 

Proteins A 13.23 13.41 13.22 101.4 99.9 
 B 7.62 7.52 8.11 98.7 106.4 
 C 2.05 2.11 2.15 102.9 104.9 
 D 5.67 5.71 5.22 100.7 92.1 

Amino Asp 1.40 1.48 1.39 105.7 99.3 
acids Glu 0.85 0.85 0.84 100.0 98.8 

 Ser 0.50 0.51 0.48 102.0 96.0 
 Ghy 0.27 0.28 0.26 103.7 96.3 
 His 0.22 0.24 0.22 109.1 100.0 
 Ang 0.36 0.35 0.34 97.2 94.4 
 Thr 0.34 0.34 0.33 100.0 97.1 
 Ala 0.25 0.27 0.26 108.0 104.0 
 Pro 0.53 0.54 0.50 101.9 94.4 
 Tyr 0.15 0.15 0.14 100.0 93.3 
 Val 0.44 0.49 0.45 111.4 102.8 
 Met 0.067 0.082 0.055 122.4 82.1 
 Cys 0.019 0.019 0.018 100.0 94.7 
 Ile 0.36 0.43 0.37 119.4 102.8 
 Len 0.55 0.66 0.55 120.0 100.0 
 Phe 0.33 0.38 0.31 115.2 93.4 
 Lys 0.44 0.45 0.42 102.3 95.6 
 

3.4.2. Radix gentianae macrophyllae 
 

Radix gentianae macrophyllae is the dried root of Gentiana macrophylla Pall., Gentiana 
straminea Maxim, Gentiana crassicaulis Duthic ex Burk. or Gentiana dahurica Fisch. (Fam. 
Gentianaceae). It is used to treat rheumatic or rheumatoid arthritis with severe joint pain. Its main 
active ingredient is gentiopicrin. We test gentiopicrin by using TLC scan and HPLC methods. Results 
are shown in Tables V and VI. 

TABLE V. COMPARISON OF THE PEAK AREA OF GENTIOPICRIN IN NON-IRRADIATED 
AND IRRADIATED RADIX GENTIANAE MACROPHYLLAE 

Dose (kGy) Peak area (non) RSD (%) Peak area (irr) RSD (%) Irr. / non- (%) 
10 1300425 5.16 782075 2.79 60.14 
5 366569 1.21 235858 2.68 63.34 
2 266219 1.73 270874 1.83 101.7 

 

TABLE VI. CONTENT OF GENTIOPICRIN IN NON-IRRADIATED AND IRRADIATED RADIX 
GENTIANAE MACROPHYLLAE 

Dose (kGy) Non-irr. (%) RSD (%) Irr. (%) RSD (%) Irr. / non- (%) 
5 1.59 0.2 1.32 3.76 83.3 

10 1.59 0.2 1.16 1.58 73.2 
20 1.59 0.2 1.10 1.56 69.4 
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3.4.3. Flos carthami tinctorii 

 
Flos carthami tinctorii is the dried flower of Carthamus tinctorius L. (Fam. Compostiae). It is 

used for treating eruptions in infectious diseases, emotional dejection and mania. We detected the 
saffloryellow, using UV as the mean. Results are shown in Table VII. 

TABLE VII. CONTENT OF SAFFLOYELLOW IN THE NON-IRRADIATED AND IRRADIATED 
FLOS CARTHAMI TINCTORII 

Dose(kGy) Non-irr. (%) RSD (%) Irr. (%) RSD (%) Irr. / non- (%) 
5 6.96 0.14 6.69 2.40 96.12 
10 6.96 0.14 6.48 0.72 93.10 
20 6.96 0.14 6.45 0.60 92.67 

 
3.4.4. Flos lonicerae 
 

Flos lonicerae is the dried flower bud or opening flower of Lonicera japonica Thunb. L. 
hypoglauca Miq., L. condusa DC. or L. dasystyla Rehd. (Fam Caprifoliaceae). It acts to cure upper 
respiratory infection, epidemic febrile diseases, etc. We tested chlorogenic acid by using HPLC 
method. See Table VIII. 

TABLE VIII. CONTENT OF CHLOROGENIC ACID IN NON-IRRADIATED AND 
IRRADIATED FLOS LONICERAE 

Dose (kGy) Non-irr. (%) RSD (%) Irr. (%) RSD (%) Irr. / non- (%) 
10 2.49 1.59 2.53 0.91 101.6 
20 2.49 1.59 2.51 1.95 100.8 

 
3.4.5. Folium sennae 

Folium sennae is the dried leaflet of Cassia angustifolia Vahl or Cassia acutifolia Delile (Fam. 
Leguminosae). It is used for treating constipation and abdominal pain. We detected sennoside A by 
CE; results are shown in Fig. 1 and Table IX. 

 

FIG. 1. CE map of sennoside A (blue), non-irradiated (red) and irradiated (green) folium sennae. 

TABLE IX. CONTENT OF SENNOSIDE A IN NON-IRRADIATED AND IRRADIATED FOLIUM 
SENNAE 

Dose (kGy) Non-irradiated (%) Irradiated (%) Irr. / non- (%) 
20 1.109 1.060 95.58 
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3.4.6. Calculus bovis 

 
Calculus bovis is divided into two kinds of products: natural one and synthetic one. Here, the 

tested one is a synthetic product; its main constituent is bilirubin. We detected bilirubin by UV 
method, and the result is shown in Table X. 

 

TABLE X. CONTENT OF BILIRUBIN IN NON-IRRADIATED AND IRRADIATED CALCULUS 
BOVIS 

Dose kGy) Non-irr. (%) RSD (%) Irr. (%) RSD (%) Irr. / non- (%) 
10 0.46 1.10 0.47 1.08 102.17 
20 0.46 1.10 0.47 3.23 102.17 

 
3.4.7. Fructus arctii 
 

Fructus arctii is the dried ripe fruit of Arctium lappa L. (Fam. Compositae). It is used to relieve 
cough and diminish inflammation during influenza or upper respiratory infection. We tested arctiin in 
Fructus arctii by using HPLC method; the result is shown in Table XI. 

TABLE XI. RESULTS OF ARCTIIN MONOMER AND THOSE IN NON-IRRADIATED AND 
IRRADIATED FRUCTUS ARCTII 

Dose (kGy) 0  10 20  
Arctiin (chemical compound) 100 102.78 102.05 
Arctiin in Fructus Arctii 12.17 12.39 12.23 
Irr/non- (%) 100 101.81 100.49 

 
3.4.8. Catechu 
 

Catechu is the dried concentrated decoction prepared from the peeled branch and stem of Acacia 
catechu (L. f.) Willd. (Fam. Leguminosac). It is used for cure ulcers in the skin or in the mouth, 
festering wound. We tested catechin by HPLC method; the results are shown on Table XII. 

TABLE XII. CONTENT OF CATECHIN IN NON-IRRADIATED AND IRRADIATED CATECHU 

Dose (kGy) 0 10 20 
Catechin (chemical monomer) 100 101.2 96.6 
Catechin in Catechu 12.82 13.05 13.28 
Irr-/non- (%) 100 101.8 103.6 

 
 
3.4.9. Radix rubiac 
 

Radix rubiac is the dried root and rhizome of Rubia cordifolia L. (Fam. Rubiaceae). It is used 
for traumatic bleeding, abnormal uterine bleeding, etc. The main components of it are mollugin, 
alizarin and its glucoside, purpurin, etc. Fig. 2 shows the structures of mollugin and alizarin; and we 
detected them by TLC- Scan and HPLC method. The results are shown in Tables XIII and XIV. 

 



  23 

 

 

FIG. 2. Structures of mollugin (a) and alizarin (b.) 

TABLE XIII. CONTENT OF MOLLUGIN IN RADIX RUBIAC 

Dose (kGy) 0  10  20 
Mollugin (chemical monomer) (%) 100 97.9 90.8 
Mollugin in radix rubiac (%) 0.58 0.56 0.45 
Irr/non- (%) 100 96.6 77.6 

 

TABLE XIV. CONTENT OF ALIZARIN IN RADIX RUBIAC  

Dose (kGy) 0  5 10 
Alizarin in radix rubiac (%) 0.210 0.204 0.132 
irr/non- (%) 100 97.1 65.0 

 
3.4.10. Radix polygoni mulgiflori 

 
Radix polygoni mulgiflori is the dried root tuber of Polygonum multiflorum Thunb. (Fam. 

Polygonaceae). It is used for lymphadenitis, carbuncles, constipation, hyperlipemia. The main 
components of it are 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucoside and emodin. We tested the 
glucoside by using HPLC method, and the results are shown in Table XV. 

TABLE XV. CONTENT OF 2,3,5,4’–TETRAHYDROXYSTILBENE-2-O-Β-D-GLUCOSIDE IN 
NON-IRRADIATED AND IRRADIATED RADIX POLYGONI MULTIFLORI 

Dose (kGy) 0 5 10 20 

Glucoside monomer (%) 100 / 103.0 100.8 

Glucoside in raw material (%) 3.03 2.54 2.19 / 

Irr/non- (%) 100 83.8 72.0 / 

 
 
3.4.11. Jiegudan 
 

Jiegudan is a honey bolus composed of Sanguis draxonis and Radix dipsaci, etc. It is used for 
bone fracture. We detected dracohodin in Sanguis draxonis of Jiegudan; results are shown in 
Table XVI. 
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TABLE XVI. CONTENT OF DRACOHODIN IN NON-IRRADIATED AND IRRADIATED 
JIEGUDAN 

Dose (kGy) 0  10  20  

Dracohodin perchlorate (%) 100 99.28 99.45 

Dracohodin in Jiegudan (%) 1.534 1.536 1.542 

Irr/non- (%) 100 100.13 100.52 

 
3.4.12. Xuezhikang (Xuezhikang capsules) 
 

Xuezhikang capsules are made of Red Koji or Red Rice, which is rice parasitized by Monascus 
purpureus Went (Aspergillus). Xuezhikang is used for hyperlipemia and atheromatosis. Lovastatin is 
the active ingredient in Red Koji, so we tested it by HPLC and the result is shown in Table XVII. 

 

TABLE XVII. CONTENT OF LOVASTATIN IN NON-IRRADIATED AND IRRADIATED 
XUEZHIKANG 

Dose (kGy) 0  10  20  

Lovastatin (mg/g) 8.54 8.68 8.45 

Irr/non- (%) 100 101.64 98.95 

 
 
3.4.13. Liuwei dihuang wan 
 

Liuwei dihuang wan is a honey bolus composed of prepared Radix rehmanniae, Fructus corni, 
Cortex moutan, Rhizoma dioscoreae, Poria and Rhizoma alismatis. We detected ursolic acid, the main 
component in Fructus corni of Liuwei dihuang wan; the result is shown in Table XVIII. 

 

TABLE XVIII. CONTENT OF URSOLIC ACID IN NON-IRRADIATED AND IRRADIATED 
LIUWEI DIHUANG WAN 

Dose (kGy) Non- (%) RSD (%) Irr (%) RSD (%) Irr./ non- (%) 
10 0.0127 0.40 0.0124 2.0 102.4 
20 0.0127 0.40 0.0124 3.0 102.4 

 

3.5. Results of the chemical investigation 
 

See Table XIX. 
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TABLE XIX. COMPARISON OF CHANGES IN CHEMICAL CONSTITUENTS OF 
IRRADIATED TCMs 

TCM Dose  
(kGy) 

Ingredients analysed Analysis 
method 

Results  
(irr/ non-) 

Ginseng royal jelly 
and royal jelly 

10 10-HDA  
Proteins, amino acids 

HPLC 
AAA 

- 
+,- 

Radix gentianae 
Macrophyllae 

2 
5 
10 
20 

Gentiopicrin TLC scan 
TLC scan 

HPLC 
 

- 
+ 
+ 
+ 

Flos carthami 
Tinctorii 

5 
10 
20 

Saffloryellow UV - 
+ 
+ 

Flos lonicerae 10 
20 

Chlorogenic acid HPLC - 
- 

Folium sennae 20 Sennoside A CE - 
Calculus bovis 10 

20 
Bilirubin  UV - 

- 
Fructus arctii 10 

20 
Arctiin 
 

HPLC - 
- 

Catechu 10 
20 

Catechin 
 

HPLC - 
- 

Radix rubiac 5 
10 
10 
20 

Alizarin 
 
Mollugin  

TLC scan 
 

HPLC 

- 
+ 
- 
+ 

Radix polygoni 
Mulgiflori 

5 
10 

Glucoside 
 

HPLC + 
+ 

Jiegudan 10 
20 

Dracohodin HPLC - 
- 

Xuezhikang 10 
20 

Lovastatin HPLC - 
- 

Liuwei dihuang wan 10 
20 

Ursolic acid TLC scan - 
- 

 
 
4. EFFECTS OF IRRADIATION ON BIOLOGICAL ACTIVITY AND TOXICITY OF TCMS 
 

The tests indicated that irradiation did not cause changes to the biological effects or toxicity of 
the TCMs; the only exception to this is related to changes to the anti-inflammatory effect of radix 
gentianae macrophyllae. 
 
4.1. Individual item 
 
4.1.1. Ginseng royal jelly 

 
We tested the influence on immunological effects of ginseng royal jelly, irradiated with 4kGy 

dose; and the mutagenesis effect of ginseng royal jelly, irradiated with 10kGy. The results are shown 
in Tables XX to XXV. Besides, we also tested the mutagenesis effect of Ginseng Royal Jelly 
irradiated with 5 and 2.5kGy. 
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The results were similar with that of Ginseng Royal Jelly irradiated with 10kGy, indicating that 
Ginseng Royal Jelly irradiated with less than 10KGy 60Coγ ray has no mutagenesis effect on the bone 
marrow cell of mice. Colonal BAL B/c mice and KM mice, weighing 18–22g of either sex were used 
as tested animals. 
 
4.1.1.1. Effects on the content of serum lysozyme 
 

According to the method of Ossar-man,Colonal, BAL B/c mice, weighing 18–22g, divided into 
three groups according to their weight, orally administered distilled water, irradiated and non-
irradiated ginseng royal jelly (16ml/kg) daily for 7 days, respectively. 24 h after the last administration 
collected blood sample, isolated serum and measured the content of serum lysozyme (see Table XX). 

 

TABLE XX. EFFECT OF GINSENG ROYAL JELLY ON CONTENT OF SERUM LYSOZYME 
IN MICE (X±SD) 

Group No. of animals 
(n) 

Dose 
(mg/kg×d) 

Content of serum lysozyme 
(µg/ml) 

P value 

Normal control 10  28.3±7.8  
Non-irradiated 10 16×7 51.8±13.8 <0.01 
Irradiated 10 16×7 45.8±7.8 <0.01 

 
4.1.1.2. Charcoal residue clearance test 
 

Colonal BAL B/c mice weighing 18-22g were used. Groups were divided and drugs were 
administered as the above, 24 h after the last administration, injected charcoal particles(130-159 A in 
diameter) 4mg/0.2ml to the mice through the tail venous, and collected 50 µl blood sample from 
orbital veniplex instantly(t1), 20min later collect the same volume of  blood sample again(t2 ),and 
added it to 4ml  0.1%NaCO3 solution, shook it over,  measured  the value of OD, and calculated 
charcoal powder clearance index (K): 

K=(logOD1-logOD2) / (t2 - t1) 

and also calculate the half-life of charcoal particle in the serum (t1/2) (Table XXI). 
 

TABLE XXI. EFFECT OF GINSENG ROYAL JELLY ON CHARCOAL RESIDUE 
CLEARANCE (X±SD) 

Group No. of animals 
(n) 

Dose 
(mg/kg×d) 

T1/2(min) K value P value 

Normal control 10  12.23±0.98 0.039±0.009  
Non-irradiated 10 16×7 11.12±0.43 0.052±0.008 <0.01 
Irradiated 10 16×7 11.02±0.20 0.052±0.004 <0.01 

 
 
4.1.1.3. Effect on production of serum antibody agglutinin 
 

Colonal BAL B/c mice, weighing 18-22g were used, groups were divided and drugs were 
administered as above. On the second day, intraperitoneally injected (i.p.) 2% sheep red blood cell 
(SRBC) /0.5ml each mice. On the fifth day, injected 10% SRBC/0.1ml to each mice subcutaneously, 
24 h later took the blood sample and isolated serum, calculated the serum antibody valence (K) 
according to the micro content blood agglutination test (see Table XXII). 
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TABLE XXII. EFFECT ON ANTIBODY PRODUCTION OF GINSENG ROYAL JELLY (X±SD) 

Group No. of animals (n) Dose (mg/kg×d) K value P value 
Normal control 10  13.5±6.1  
Non-irradiated 10 16×7 853±501 <0.01 
Irradiated 10 16×7 581±143 <0.01 

 
4.1.1.4. Effect on content of serum albumin in mice 

Mice were divided and drugs were administered as the above. The mice were immunized twice 
with SRBC during the administration. Take blood sample and separate the serum according to the 
above method, Marked bromocresol green with reagent box, and then measure the content of serum 
albumin by the colorimetric method (see Table XXIII). 

TABLE XXIII. EFFECT OF GINSENG ROYAL JELLY ON THE CONTENT OF SERUM 
ALBUMIN IN MICE (X±SD) 

Group No. of 
animals (n)

Dose 
(mg/kg×d) 

Content of serum 
albumin (g/dl) 

P value 

Normal control 10  3.43±0.41  
Non-irradiated 10 16×7 6.36±1.01 <0.01 
Irradiated 10 16×7 5.76±1.31 <0.01 

 
4.1.1.5. Effect on swollen of the mouse paw induced by delayed supersensitive reaction 

The mice were divided and drugs were given as the above. Each mouse was immunized with 
2%SRBC/0.5ml (i.p.). After six days, injected the same antigen through the right paw of the mice 
subcutaneously, 24 h later, cut the paws and weighed them, the swollen degree were valued by the 
difference of the weight of the right and left paw (see Table XXIV). 

TABLE XXIV. EFFECT OF GINSENG ROYAL JELLY ON DELAYED SUPERSENSITIVE 
REACTION (X±SD) 

Group No. of 
animals (n) 

Dose 
(mg/kg×d) 

Weight of the swollen 
paw (mg) 

P value 

Normal control 10  28.67±7.86  
Non-irradiated 10 16×7 38.56±6.98 <0.01 
Irradiated 10 16×7 37.44±6.29 <0.01 

 
4.1.1.6. Effect on mutagenesis activity of ginseng royal jelly, irradiated with 10KGy 

KM mice were used and divided into three groups; and orally administered distilled water, 
Ginseng Royal Jelly 11.682g/kg, cyclophosphamide 40mg/kg respectively. After 24 hours, killed the 
mice, took the thighs of two sides, and washed bone marrow with serum of calves to make bone 
marrow solution. Smeared the slide after being centrifuged at 1000rpm for 5min, and fixed it with 
methanol for 20 minute; then stain the slide with Gainsa solution for 15 minute. Make two slides for 
each mouse, count 100 Polychromatic Erythrocyte (PCE) and Micronucleus in Polychromatic 
Erythrocyte (MNPCE) under the oil immersion lens, calculate Micronucleus Rate (MNR%). 

TABLE XXV. EFFECT OF GINSENG ROYAL JELLY ON MNR% (X±SD) 

Group n Dose(mg/kg) PCE MNPCE MNR% P value 
Normal control 10  6052 9 1.48±0.88  
Cyclophosphamide 10 40 7050 78 10.90±1.98 <0.01 
Irradiated 10 11682 100002 17 1.86±1.67 <0.01 
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4.1.2. Royal jelly 
 
4.1.2.1. Effects on the content of serum lysozyme and spleen weight 

According to the method of Ossar-man, Colonal BALB/c mice weighed 18-22 g were used, and 
divided into four groups according to their weight, orally administered distilled water, irradiated 
(10KGy), irradiated (20KGy) and non-irradiated Royal Jelly (16mg/kg) daily for 7 days respectively. 
Blood sample was collected 24 h after the last administration, serum isolated from the blood and then 
the content of serum lysozyme was measured (see Table XXVI). In addition, spleens were excised and 
weighted (Table XXVII). 

TABLE XXVI. EFFECT OF ROYAL JELLY ON THE CONTENT OF SERUM LYSOZYME IN 
MICE (X±SD) 

Group No. of animals 
(n) 

Dose 
(mg/kg×d) 

Content of serum 
lysozyme (µg/ml) 

P value 

Normal control 10  23.5±5.0  
Non-irradiated 10 16×7 38.4±10.8 <0.01 
Irradiated (10KGy) 10 16×7 41.9±8.4 <0.01 
Irradiated (20KGy) 10 16×7 38.5±6.3 <0.01 

 

TABLE XXVII. EFFECT OF ROYAL JELLY ON THE SPLEEN WEIGHT IN MICE (X±SD) 

Group No. of 
animals (n) 

Dose 
(mg/kg×d) 

Body weight 
(g) 

Spleen weight 
(mg) 

Index of 
spleen (%) 

Control 10  23.9±1.1 107.6±17.8  
Non-irradiated 10 16×7 23.2±1.4 132.1±13.9 1.23 
Irradiated 
(10KGy) 

10 16×7 23.5±1.1 129.6±25.6 1.20 

Irradiated 
(20KGy) 

10 16×7 23.3±1.4 120.2±14.9 1.12 

 
4.1.3. Radix gentianae macrophyllae 

 
Modern pharmacological research of radix gentianae macrophyllae indicates that it has sedative, 

pain-relieving, anti-inflammatory effect, it can also decrease blood pressure and inhibit the growth of 
bacterium. Our experiments showed that non-irradiated and irradiated large-leaf gentian root with 
10kGy had pain-relieving effect and could decrease the blood pressure and inhibited the growth of the 
bacteria, and there were no significant difference between them (P>0.05). Irradiation has significant 
effect on its anti-inflammatory effect; the lower irradiation dose - 5kGy, has no effect on the anti-
inflammatory effect of radix gentianae macrophyllae. 

 
Animals and bacteria: KM mice weighing 17–24g were used; cats weighing over 2.0 kg, of 

either sex, were used; Staphylococcus aureus (26003), escherichia coli (44102), shigella flexneri, 
pseudomonas aeruginosa. 

 
4.1.3.1. Anti-inflammation test 

 
Mice were randomly divided into three groups: irradiated, non-irradiated and control group. 

Orally administered Radix Gentianae Macrophyllae water-boiled solution twice respectively to the 
irradiated group and non-irradiated group the first day, at the same time the control group was given 
the same volume of distilled water in the same manner, and administrated the solution again in the 
second day.  
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45 min later, anesthetized the mice with ether, applied croton oil mixture 0.05ml (croton oil 0.2 
ml, ethanol 2.0 ml, ether 7.3 ml, water 0.5ml) to the front and back sides of the right ears. Killed the 
mice after 4 hours, cut their ears, and took 6mm in diameter cycle pieces at the same position of the 
two ears, weighted them and calculated the difference of the right and left ears, and T-test were used to 
analyse the results (see Table XXVIII).  

 
Orally administered Radix Gentianae Macrophyllae water-boiled solution 30g/kg three times 

can affect the swelling of the ears induced by croton oil, and there was significant difference 
comparing with the control group, while the irradiated one could not affect the degree of swelling. 
These results indicated that non-irradiated Radix Gentianae Macrophyllae has anti-inflammatory effect 
and the action may disappear after irradiation.  

 

TABLE XXVIII. EFFECT OF IRRADIATED AND NON-IRRADIATED RADIX GENTIANAE 
MACROPHYLLAE WITH 60CO GAMMA RAY ON THE SWOLLEN PIECES OF EARS OF MICE 
INDUCED BY CROTON OIL (X±SD) 

Group No. of animals Dosage (g/kg) Difference of ear weight (mg) P value 
Control 23  10.57±2.07  
Non- irradiated 22 30×3 8.86±1.78 <0.01 
Irradiated (10kGy) 22 30×3 10.55±1.47 >0.05 

 
4.1.3.2. Test on the threshold of pain  

 
According to the method of hot plate, female mice were used; and the threshold of pain was 

indicated with the mice’s licking of the hind legs. Select the mice whose threshold of pain were within 
5-30s and divided them into two groups. Non-irradiated and irradiated Radix Gentianae Macrophyllae 
12g/kg ethanol preparation were intraperitoneal injected to the two groups separately. After 30 and 60 
min test of the threshold of pain, respectively, calculate the difference of the threshold of pain before 
and after the administration, and calculated the prolong rate, T-test were used to analyse the results 
and the results are shown in Table XXIX. 

 

TABLE XXIX. EFFECT OF IRRADIATED RADIX GENTIANAE MACROPHYLLAE ON 
THRESHOLD OF PAIN INDUCED BY HOT PLATE (X±SD) 

Group No. of 
animals (n)

Dose 
(g/kg) 

Test time 
(min) 

Difference of 
threshold (s) 

P value Prolong 
rate(%) 

P value 

non- 18 12 30 8.67±12.78 <0.05 157.4±73.5 >0.05 
   60 7.50±14.76 <0.05 144.6±80.5  

irr  18 12 30 11.00±12.37 <0.01 173.5±74.6 >0.05 
(10kGy)   60 8.50±9.17 <0.01 164.7±57.8  

 
4.1.3.3. Decrease blood pressure action 

 
Five cats were used, and anesthetized with Sodium Phenobarbital and Sodium Pentobarbital, 

injected non-irradiated and irradiated Radix Gentianae Macrophyllae ethanol preparation 1g/kg 
through venous femoralis, and injected 0.1u/kg histamine as control. The order of administration is as 
the following: histamine, non-irradiated Radix Gentianae Macrophyllae, irradiated Radix Gentianae 
Macrophyllae, histamine, irradiated Radix Gentianae Macrophyllae, non-irradiated Radix Gentianae 
Macrophyllae. After each administration, recorded the blood pressure, and then calculated the range of 
the drop of blood pressure and the decrease rate. The results are listed in Table XXX. 
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TABLE XXX. EFFECTS OF RADIX GENTIANAE MACROPHYLLAE ON BLOOD PRESSURE 
OF ANESTHETIZED CATS (X±SD) 

Group No. of 
animals 

Dose Range of decrease of BP 
(mmHg) 

Decrease rate(%) 
 

P value 

Non-irradiated 5 1g/kg 33.56±4.88  P<0.01 32.79±9.40 >0.05 
Irradiated (10kGy) 5 1g/kg 30.11±7.15  P<0.01  30.16±12.31  
Histamine 5 0.1u/kg 28.44±5.55  P<0.01 26.59±3.93  

 
4.1.3.4. Test of bacterium inhibition 

 
Take six small autoclaved test tube, adding to the first tube common broth 1.5ml, 1.0ml to the 

others. After that adding Radix Gentianae Macrophyllae ethanol preparation 1g/ml 0.5ml to the first 
tube, mixed it well, drew 1.0ml to the second tube, dilute the other tubes one by one in the same 
manner until the fifth tube. The concentration is 1:4,1:8,1:16,1:32,1:64 respectively, took the sixth 
tube as positive control, and then added the bacterium as the following table, incubated at 37OC for 
20 hours. Observe the turbidity of each tube; take the concentration of the tube that didn’t turn turbid 
as the inhibitory concentration. The results are listed in Table XXXI. 

TABLE XXXI. EFFECT OF RADIX GENTIANAE MACROPHYLLAE ON THE GROWTH OF 
BACTERIUM (X±SD) 

Bacterium Concentration/ml Bacteria volume (ml) Inhibitory concentration 
   Non- irradiated Irradiated 

Staphylococcus aureus 2.0×104 0.05 1:8 1:8 
Escherichia coli 1.5×104 0.05 1:8 1:8 
Shigella flexneri 1.5×104 0.05 1:4 ~ 1:8 1:8 
Pseudomonas 
aeruginosa 

1.5×104 0.05 1:4 1:8 

 
4.1.3.5 Anti-inflammation test 

Mice were divided into three groups, two groups were orally administered Radix Gentianae 
Macrophyllae water-boiled solution twice in the morning and afternoon respectively before the 
experiment, and orally administered the solution again the second day, the control group were orally 
administered distilled water in the same manner. 45 min after the last operation; anesthetized the mice 
by ether, applied croton oil 0.05ml to the front side and backside of the right ears. Killed the mice after 
4 hours, cut their ears, and took 6mm in diameter cycle pieces at the same position of the two ears, 
weighted them, took the difference of the weight of the two pieces as the degree of swollen. The 
results are listed in Table XXXII. 

TABLE XXXII. EFFECT OF RADIX GENTIANAE MACROPHYLLAE ON THE 
INFLAMMATION OF MICE INDUCED BY CROTON OIL (X±SD) 

Group Dose of 
irradiation 

No. of 
animals 

Dose 
(g/kg) 

Degree of swelling (mg) 
 

Control  23  10.6±2.1 
Non-irradiated 5KGy 22 30×3 8.9±1.8 

Irradiated   22 30×3 10.6±1.5 

Control  21  10.1±1.3 
Non-irradiated. 10KGy 22 30×3 8.6±1.6 

Irradiated   22 30×3 8.0±2.4] 
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4.1.4. Flos carthami tinctorii 
 
4.1.4.1. Effect of non-irradiated and irradiated (10kGy, 20kGy) flos carthami tinctorii on coagulation 
time 

Animals were randomly divided into 4 groups and orally administered with Flos Carthami 
Tinctorii (0.4ml/10g body weight, corresponded to 17.1g/kg dose) and the control group was given the 
same volume of distilled water. After one hour, collect blood samples from orbital vein of the animal 
by capillary and measure the coagulation time. T-test was used to analyse the data and the results were 
shown in Table XXXIII. 

TABLE XXXIII. EFFECT OF FLOS CARTHAMI TINCTORII ON COAGULATION TIME IN 
MICE 

Group Irradiation dose Body weight (g) Coagulation time (s) 

Control  18.4±0.7 134.4±31.3 

Non-irradiated  18.3±0.7 235.9±29.8 

Irradiated 10kGy 18.3±0.8 225.9±41.0 

Irradiated 20kGy 18.1±0.6 204.2±33.2 

 
4.1.4.2. Single dose acute toxicity 

Acute toxicity was investigated after orally administration of the drug to mice. Since the 
preliminary experiment result showed that the toxicity of the drug is very low, the maximal 
concentration and volume of the drug was given to the animal. The mice were monitored during 
administration and for seven days thereafter. The activity of animals was decreased after oral 
administration and some mortality was observed during 2 to 6 h after administration. All the survived 
animals were recovered to normal state; foods and water consumption and body weight gain were 
found no change. 

 
4.1.5. Flos lonicerae 
 
4.1.5.1. Single dose acute toxicity 

Acute toxicity was investigated after orally administration of high doses of the drug to mice, 
which were KM mice; weighing 18-20g of either sex was used. Mice were treated orally with 77.5g/kg 
and monitored during administration and for seven days thereafter. The administered dose is 
approximately 310-fold the one in humans. Flos Lonicerae did not induce drug-related 
pharmacological effects with respect to mortality, body weight, foods and water consumption. 

 
Thus, all irradiated and non-irradiated Flos Lonicerae at 310 times the relative human dose had 

no acute effects on mice. 
 

4.1.5.2. Test of bacteria inhibition 
 
Take 20 ml of each sample, non-irradiated and irradiated with 10 and 20 kGy, to put them into 

sterilized tubes separately and autoclaved at 108℃ for 10 minutes. Each sample (1g/ml) diluted to a 
series concentration by broth medium and put them into sterilized tubes (3ml per tubes), the scales are 
1:2,1:4,1:8,1:16,1:32,1:64 and 1:128 respectively, took 8th tube as positive control and then added the 
staphylococcus aureus or pseudomonas aeruginosa (1.5×104, 3.1×104, respectively) , incubated at 37℃ 
for 20 hours. Inoculated certain volume of bacteria to agar plate, counted the colonel number of the 
bacteria after incubation of the plates (see Table XXXIV). 



 
 

32 
 

 

TABLE XXXIV. INHIBITORY EFFECTS OF FLOS LONICERAE ON THE GROWTH OF 
BACTERIA 

Pseudomonas aeruginosa Staphylococcus aureus Drug concentration 
(g/ml) Non- 10kGy 20kGy non- 10kGy 20kGy 
1.0 - - - - - - 
0.5 - - - - - - 
0.25 - - - - - - 
0.125 + + - - - - 
0.0625 + + - + + - 
0.03125 + + + + + + 
0.015625 + + + + + + 
Positive control  +   +  

 

4.1.6. Folium sennae 
 
4.1.6.1. Two doses acute toxicity 

Acute toxicity was investigated after orally administration of high doses of the drug to mice, 
which were KM mice; weighing 18–20g of either sex was used. The mice were treated orally two 
doses with 100g/kg Folium Sennae per dose and with a six hour interval. The effect of Folium Sennae 
was studied during orally administration and thereafter, and monitored for seven days. Folium Sennae 
administered orally induced drug-related pharmacological effects with respect to mortality, feces, 
body weight, food and water consumption, etc. The activity of animals was decreased after the first 
administration and some mortality was observed during 2 h after the second administration. Soft feces 
and diarrhoea were observed after the first and the second administration respectively. All the survived 
animals were recovered to normal state; foods and water consumption and body weight gain were 
found no change. 

 
4.1.7. Calculus bovis 
 
4.1.7.1. Anti-inflammation test 

 
Mice were randomly divided into four groups: irradiated (10KGy), irradiated (20KGy), non-

irradiated and control group. Administered orally to the irradiated groups and non-irradiated group 
respectively, and treated for three days. At he same time the control group was given the same volume 
of distilled water in the same manner. 45 minute after the last administration, apply croton oil mixture 
0.05ml (croton oil 0.2 ml, ethanol 2.0 ml, ether 7.3 ml, water 0.5ml) to the front and back sides of the 
right ears. Kill the mice after 4 hours, cut their ears, and take 8mm in diameter cycle pieces at the 
same position of the two ears, weigh them and calculate the difference of the right and left ears, and T-
test were used to analyse the results. The results were listed Table XXXV. 

TABLE XXXV. EFFECT OF IRRADIATED AND NON-IRRADIATED CALCULUS BOVIS ON 
THE SWOLLEN PIECES OF EARS OF MICE INDUCED BY CROTON OIL 

Group No. of animals (n) Dosage 
(g/kg) 

Difference of ear weight (mg) 
(X ± SD) 

Control 15  19.7±3.4 
Non- irradiated 14 2 15.6±2.8[12] 

Irradiated (20Kgy) 15 2 13.9±5.1 
Irradiated (10Kgy) 15 2 14.2±2.7 
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4.1.8. Radix polygoni mulgiflori 
 
4.1.8.1. Effects of radix polygoni multiflori on SRBC hemolysis in mice 

 
The 50 healthy mice, BALB/c mice, body weight 18-22 g, were randomly divided into 5 groups, 

with 10 mice in each group. The No. 1 group was negative control group, the Nos. 2, 3 groups were 
treated with 10kGy and 20kGy doses irradiated Radix Polygoni Multiflori. The administration way is 
oral; and the dosage groups are 2g/kg/d, high dosage group, 1g/kg/d, low dosage group. Nos. 4, 5 
groups were treated with non-irradiated Radixpolygoni Multifloris (i.g. 2g/kg/d, high dosage group; 
1g/kg/d low dosage group). On the third day after the treatment, all the mice were immunized with 
SRBC (20% SRBC 0.2 ml IP), on the seventh day after the treatment, blood was obtained, then serum 
was separated according to the Quantitative Hemolysis Spectrophotometh, then the HC50 was 
determined. At the end of the experiment, the body weight and spleen weight of all the mice were 
measured, and the spleen index was counted (see Table XXXVI). 

TABLE XXXVI. EFFECTS OF RADIX POLYGONI MULTIFLORIS ON SRBC HEMOLYSIS IN 
MICE 

Groups Dosage 
(g/kg) 

Spleen weight 
(g) 

Spleen 
index 

HC50 

Control 0.0 131.3±21.5  174.2±85.2 
Irradiated 2.0 194.2±27.7[ 1.48 250.6±73 

(10kGy) 1.0 165.4±11.7] 1.26 217.2±81.2 
Non-irradiated 2.0 190.2±28.0] 1.45 219.9±56.7] 

 1.0 174.7±21.8] 1.33 203.6±86.6 
 
4.1.9. Catechu 
 
4.1.9.1. Inhibition effects of Catechu on the growth of bacteria 

Each sample (0.3g/ml) was serially diluted by broth medium and put into sterilized tubes (2ml 
per tube), the drugs concentration were 0.3g/ml, 0.15g/ml, 0.075g/ml, 0.032g/ml, 0.016g/ml, 0.00g/ml 
respectively, the seventh tube was taken as positive control. Staphylococcus aureus or Pseudomonus 
aeugmosa were added, inoculated certain volume of bacteria to agar plate, the number of colonel 
formation unites of the bacteria were counted after incubation of the plates (see Table XXXVII). 

TABLE XXXVII. INHIBITION EFFECTS OF CATECHU ON THE GROWTH OF BACTERIA 

Drug concentration 
(g/ml) 

Pseudomonas 
(Tube 1) 

Aeuginosia 
(Tube 2) 

Staphylococcus 
(Tube 1) 

Aureus 
(Tube 2) 

0.3 - - - - 
0.15 - - - - 
0.075 - - - - 
0.032 + + - - 
0.016 + + + + 
0.008 + + + + 
0.000 + + + + 

 
4.1.10. Liuwei Dihuang Wan 
 
4.1.10.1. Effects on immunological organ weights 

Mice were randomly divided into five groups: blank control, Cyclophosphamide, non-irradiated, 
10KGy and 20KGy group. The drug treated groups were orally administered the drugs respectively 
once daily for one week. The blank control and Cyclophosphamide groups were orally administered 
distilled water once daily as the same manner.  

 



 
 

34 
 

All the orally administration volume is 20 ml/kg. During the first day of the week, 
Cyclophosphamide, non-irradiated, 10KGy and 20KGy group were intraperitoneally administered 
Cyclophosphamide once per two day (four times in all), the dosage is 1 mg per mouse. At the eighth 
day, collected the blood from vena ophthalmica inferior (for lymphocyte E-rose test), then decapitated 
each mouse, dissected and take the spleen and thymus. Weighed each and record it. Use T-test for 
analysis of the results. The results are in Tables XXXVIII and XXXIX. 

 

TABLE XXXVIII. EFFECT OF LIUWEI DIHUANG WAN ON THE THYMUS WEIGHT OF 
IMMUNO-SUPPRESSION MICE 

 No. of 
animals (n) 

Body weight (g) 
(X±SD) 

Thymus weight(mg) 
(X±SD) 

Index of Thymus 
(X±SD 

Blank Control 10 20.7±1.34 57.2±12.2 2.75±0.52 
Cyclophosphamide 9 17.4±1.56 8.9±2.5 0.51±0.14 
non- 9 17.1±1.83 11.3±1.9 0.66±0.11 

irr (10kGy) 7 17.4±1.98 11.9±3.1 0.69±0.18] 
irr (20kGy) 9 16.7±1.77 12.7±3.0] 0.76±0.18] 

 

TABLE XXXIX. EFFECT OF LIUWEI DIHUANG WAN ON THE SPLEEN WEIGHT OF 
IMMUNO-SUPPRESSIONED MICE 

 No. of 
animals (n) 

Body weight (g) 
(X±SD) 

Spleen weight(mg) 
(X±SD 

Index of spleen 
(X±SD) 

Blank control 10 20.7±1.34 144.0±16.3 6.28±2.42 

Cyclophosphamide 9 17.4±1.56 38.6±6.5 2.21±0.22 

Non-irradiated 9 17.1±1.83 43.6±6.9 2.55±0.33 

10 Kgy 7 17.4±1.98 48.3±9.7] 2.79±0.52 

20 Kgy 9 16.7±1.77 44.1±5.9] 2.64±0.20] 

 
 

4.2. Results 
 

See Table XL. 
 

 
5. INVESTIGATION OF RADIOLYSIS PRODUCTS OF IRRADIATED TCMs 
 

As mentioned above, most of the unprocessed material that were medically tested did not 
display obvious changes when irradiated. However, high-energy irradiation always modifies biological 
material to a certain extent. As a result, analysis of radiolysis products can provide information on 
minor changes in TCMs decontamination or sterilization by 60Co gamma rays. Representative materia 
medica and their respective chemical constituents were chosen as samples and an analysis was then 
made of the main radiolysis products after irradiation by 60Co gamma rays. Much higher doses of 
radiation were used in some cases (see individual TCMs). 
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TABLE XL. COMPARISON OF CHANGES IN PHARMACOLOGY AND TOXICOLOGY OF 
IRRADIATED TCMs 

TCM Irradiation 
dose (kGy) 

Investigated effect Results  
(irr/ non-) 

Ginseng royal jelly 10 Content of serum lysozyme 
Charcoal residue clearance 
Serum antibody 
Content of albumin 
Delayed supersensitive reaction 
Mutagenesis activity 

- 
- 
- 
- 
- 
- 

Royal jelly 10, 20 Content of serum lysozyme - 
5 Anti-inflammatory - Radix gentianae macrophyllae 

10 Anti-inflammatory 
Pain relieve 
Decrease blood pressure 
Bacteria inhibition 

+ 
- 
- 
- 

Flos carthami tinctorii 10, 20 
 

Coagulation time 
Single dose acute toxicity 

- 
/ 

Flos lonicerae 10, 20 Single dose acute toxicity 
Bacteria inhibition 

/ 
- 

Folium sennae 10, 20 Two dose acute toxicity / 
Calculus bovis 10, 20 Aanti-inflammation  - 
Catechu 10, 20 Bacteria inhibition - 
Radix polygoni mulgiflori 10, 20 SRBC hemolysis - 
Liuwei dihuang wan 10, 20 Immune organ weight - 

 
 

5.1. Malonaldehide (MAD) in the irradiated ginseng royal jelly 
 

MAD is a toxic substance. It is generally considered that MAD is the product of the oxidation 
reaction when the unsaturated fatty acid and its ester is irradiated under oxide. The sugar solution also 
creates MAD when it is irradiated. 

 
We detected MAD as the form of TMP-MAD, which due to the unsteadiness of MAD, and 

using HPLC as the method. Commonly MAD reference is produced by the degradation of TMP, that is 
TMP degraded to stable coloured TMP-MAD by heating of the mixture of TMP, strong acid and TBA. 
The formula of TMP-MAD is C11H8N4O4S2, and molecular weight is 324.35. The highest detected 
concentration is 1.2×10-5 mM per ml, this shows that MAD is very minim in Ginseng Royal Jelly (see 
Table XLI). 

TABLE XLI. MAD IN IRRADIATED GINSENG ROYAL JELLY 
Sample No. dose (kGy) ≥C of MAD (mg/ml) G value 

1 4.2 4.7χ10-4 0.012 
2 5.6 6.0χ10-4 0.011 
3 7.0 7.2χ10-4 0.011 
4 8.4 8.5χ10-4 0.010 
5 9.8 7.5χ10-4 0.008 
6 11.2 6.0χ10-4 0.006 
7 12.6 5.0χ10-4 0.004 
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5.2. Radix gentianae macrophyllae 

 
As above investigation mentioned, Gentiopicrin in Radix Gentianae Macrophyllae is changed 

with irradiation (Fig. 3). This if the effect of water in Radix Gentianae Macrophyllae; the more wet the 
materia medica, the more degradation. 

 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3. Change of Gentiopicrin in Radix Gentianae Macrophyllae with different irradiation doses. 

But when the water of the crud drug is 17%, the change turn to smooth (see Fig. 4). According 
to the studies, we tested the water solution of Gentiopicrin to illustrate the radiolysis of it in the 
irradiated Radix Gentianae Macrophyllae. 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. Relationship between the degradation of Gentiopicrin and water in irradiated Radix Gentianae 
Macrophyllae (10kGy). 

5.2.1. Determination of radiation degradation yield (Fig. 5) 
 
 
 
 
 
 
 
 
 
 

FIG. 5. Relationship between the concentration of Gentiopicrin water solution and G value of 
degradation nitric oxide (N2O) saturated, absorbed dose is 0.022kGy; dose rate is 0.466Gy/s 
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5.2.2. The degradation yield of Gentiopicrin under different mood 
 

Fig. 6 illustrated that, under the N2O, N2 and O2 saturated mood, the changes of Gentiopicrin 
water solution following the irradiation absorbed doses. 

 
The degradation yield was calculated through the slope of the three straight lines: G volume of 

N2O is 15.6; G value of N2 is 15.8; G value of O2 is 12.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 6. Relationship between the concentration of the Gentiopicrin water solution and absorbed doses ○ 
O2 saturated; ● N2 saturated; △ N2O saturated; rate of dose: 0.45Gy/s 

 
5.2.3. Effect of radical captures on the radiation degradation yield 

 
Fig. 7 shows that the radiation degradation yield keeps unaltered after adding the radical 

captures. This means that the water molecule been irradiated to hydrate electron and hydroxyl radical, 
which acted with Gentiopicrin molecule and had the same effect on the decomposition of it. All these 
maybe the coordinate reasons for the high degradation yield of Gentiopicrin and the irradiation 
sensitivity of Radix Gentianae Macrophyllae. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 7. Yield of irradiation degradation after adding different doses of radical captures concentration of 
Gentiopicrin: 1.11mM, N2O saturated, absorbed dose: 0.22 kGy. 
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5.3. Water solution of glycyrrhizic acid 
 

Glycyrrhizic acid is the main component of radix glycyrrhizae, which is commonly used materia 
medica. It is reported that the content of glycyrrhizic acid lost with the water in the materia medica, 
but the dried one was not so sensitive to the 60Co gamma ray. So we studied the water solution of 
glycyrrhizic acid, saturated with different mood (O2, N2, N2O), to clarify the radiation degradation of it 
in radix glycyrrhizae. 
 
5.3.1. Comparison of the spectrograms and chromatograms of the non-irradiated and irradiated water 
solution of glycyrrhizic acid (Figs. 8, 9) 

 
 
 
 
 
 
 
 
 
 

FIG. 8. UV spectrogram of the non-irradiated and irradiated water solution of Glycyrrhizic acid 

 
 
 
 
 
 
 
 
 
 
 

FIG. 9. IR spectrogram of the non-irradiated and irradiated water solution of Glycyrrhizic acid    
non-irradiated;    irradiated; C= 1.16×103 M,  pH =6.8  O2 saturates 2×1019eV/ g 

 
 
 
 
 
 
 
 
 

FIG. 10. TLC chromatogram of the non-irradiated and irradiated water solution of Glycyrrhizic acid:- 
non-irradiated, irradiated,Glycyrrhenitic acid standard a, C= 4.1×10-3 M, pH =6.8,absorbed 

dose: 8.7×1020eV/ g b, C= 1.16×10-3M,  pH =12.3,  absorbed dose: 9.4 ×1019eV/g 
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Fig. 11 indicates that glycyrrhizic acid was hydrolyzed to its aglucone — glycyrrhenitic acid 

and three unknown products when being irradiated with the studied dose. 
 
 
 
 
 
 
 
 
 
 
 

FIG. 11. HPLC chromatogram of the non-irradiated and irradiated water solution of Glycyrrhizic acid 
C= 1.16×10-3M, pH =12.3,  D= 3.2×1018eV / g Retention time: peak 1: 1.5min, Glycyrrhizic 
acid; peak 2: 2.5min, Glycyrrhinitic acid peak 3: 5.6min, peak 4: 10.4min, peak 5: 11.6min 

5.3.2. Radiolysis products and degradation yield 
 
5.3.2.1. Radiation degradation yield of glycyrrhizic acid 

Radiation degradation yield under different mood is:  G (-) N2= 1.7± 0.1, G(-)O2 = 2.0±0.1,  
G(-)N2O = 2.3± 0.2 

 
5.3.2.2. Yield of glycyrrhenitic acid (aglucon) 

As above investigation showed that glycyrrhizic acid decomposed to glycyrrhenitic acid and 
three unknown substances after irradiation, so we tested and calculated the yield of glycyrrhenitic acid. 
Under different saturated mood, the G value is: G (aglucon) N2O =0.15 ± 0.02; G (aglucon) O2 =0.08 
± 0.02; G (aglucon) N2 =0.08 ± 0.02 

 
 
 
 
 
 
 
 
 
 

FIG. 12. Changes of the content of Glycyrrhizic acid following absorption doses 

 
 
 
 
 
 
 
 
 

FIG. 13. Relationship between the Glycyrrhinitci acid and absorption doses 
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5.3.2.3. G value of unknown substances 
 

When absorption dose being in the range of 1.0～6.0×1018eV / g, the concentration of three 
main unknown products of Glycyrrhizic acid are linear to the absorption doses. Table XLII shows the 
G value of different saturated mood. 

TABLE XLII. G VALUE OF UNKNOWN PRODUCTS OF GLYCYRRHIZIC ACID WATER 
SOLUTION, SATURATED WITH DIFFERENT GASES 

G value Unknown Peaks in Fig. 12 
O2                             N2                          N2O 

I 1 1.13 ± 0.11 0.09 ± 0.02 0.34 ± 0.09 
II 3 0.21 ± 0.02 0.23 ± 0.03 0.36 ± 0.04 
III 4 0.06 ± 0.01 �0 0.02 ± 0.01 

 
5.4. Radix rubiac 

 
In the chemical properties investigation found that alizarin in Radix Rubiac irradiated at 10kGy 

changed obviously. So we study the radiolysis product of alizarin. 
 
5.4.1. TLC chromatogram result 

See Table XLIII. 

TABLE XLIII. COLOURS OF THE SPOTS OF TLC CHROMATOGRAM OF THE EXTRACT OF 
RADIX RUBIAC 

Extract Results of the literature Colours of 
spots 

Rf 
value 

Alizarin 
Conjugated Free Name Colours 

of spots 
Rf value 

Pale brown 0.53 + + + Alizarin Pale brown 0.55 
Pink 0.41   + Purpurin Pink 0.43 
Yellow 0.29  + +    
Pink 0.10   +    

 
5.4.2. Effect of 60Co gamma ray on Radix Rubiac 

 
After irradiation, content of alizarin in either extract of free anthraquinone or extract of total 

anthraquinone changes obviously (see Table XLIV). When the peak b of alizarin decreases, peak a of 
unknown (I) rises evidently. The colour of unknown (I) is pink, and Rf value is 0.41. According to the 
report of the literature [5], this unknown (I) is purpurin. The TLC result showed that part of the 
alizarin in irradiated Radix Rubiac change into purpurin. 

TABLE XLIV. VARIATION OF THE CONTENT OF ALIZARIN IN EXTRACT OF THE NON-
IRRADIATED AND IRRADIATED RADIX RUBIAC 

Doses  
(kGy) 

Alizarin in the extract of  
free anthraquinones (%) 

Alizarin in the extract of  
total anthraquinones (%) 

0 0.13±0.01 0.20±0.01 
10 0.095±0.015 0.14±0.01 

100 0.073±0.005 0.11±0.007 
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6. CONCLUSIONS 

 
(1) The results of the microbiological study indicate that 5kGy irradiation dose for 

decontamination of TCMs can pass the microbial limit test in the Pharmacopoeia of the 
People’s Republic of China. 

(2) The results of the investigation indicate that most of the unprocessed materia medica and 
TCPMs tested may be irradiated by  60Co gamma rays for decontamination or sterilization 
purposes. The chemical constituents, biological activity and toxicity of the medicines tested 
showed no obvious change when irradiated. 

(3) Some materia medica, e.g. Flos Carthami Tinctorii, must only be given lower dose of 
irradiation for decontamination purposes; similarly, lower doses of decontamination or 
sterilization irradiation must also be applied to TCPMs containing these materia medica. 

(4) The chemical constituent and anti-inflammatory property of Radix Gentianae Macrophyllae 
show clear changes under 10kGy irradiation, and the chemical constituent also shows obvious 
change with 5kGy dose; medicines containing Radix Gentianae Macrophyllae cannot therefore 
be decontamination with 5kGy irradiation. 

(5) The chemical constituent of Radix Polygoni Multiflori — 2,3,5,4’-tetrahydroxystilbene-2-O-β-
D-glycoside show clear changes with 5kGy irradiation; medicines containing Radix Polygoni 
Multiflori cannot be decontamination by 5kGy irradiation if use this glucoside as an indicator. 

(6) The proposed 60Co gamma ray irradiation dose for decontamination is 5kGy for pills and 
tablets, and 3kGy for capsules and powder. 
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Abstract 
Typical levels of sporadically occuring (dynamic) microbial contamination of cosmetic raw materials: 

pigments, abrasives and liposomes, as well as of final products for personal care, i.e. toothpaste, crayons, 
shampoos, cleansers and creams, were evaluated. In most cases, contamination was dominated by a single 
population of microorganisms, either Gram-negative bacteria or molds. The feasibility of microbial 
decontamination by irradiation was studied by determining the resistance to gamma radiation of contaminating 
microflora in situ. It was expressed as a dose required for the first 90% reduction, Dfirst 90% red. The values in the 
range 1–2 kGy for molds and 0.1–0.6 kGy for Gram-negative bacteria were obtained. This relatively high 
susceptibility to irradiation allowed inactivation factors close to 6 to be achieved with doses generally not 
exceeding 3 kGy, and yielding endpoint contamination less than 10 g–1. 

 

1. INTRODUCTION 

The need to control microbiological contamination of all products for human use and 
consumption, which support microbial persistence and/or growth, has been of considerable concern to 
manufacturers. Modern food, pharmaceutical, cosmetics and toiletries industries strive for high 
microbiological standards to protect their products from spoilage on the one hand, and their consumers 
from infection, on the other hand. Unlike foodstuffs, which are usually kept refrigerated (or thrown 
away after a few days), a much longer shelf-life is expected of personal care products. 

The microbial contamination of personal care products may occur already in the course of 
production, through raw materials, ingredients and handling, or the contamination of a final product 
may ensue through its repeated use by the consumer. A wide range of preservatives has been 
developed to combat the contamination from the latter source. Maintaining a careful balance between 
protection against microbial contamination and limiting the health risks of preservatives has been 
constituting the art of preservation (Martin, 1997). However, that aspect shall not concern us here. 

The contamination from the former source can be understood if two pools of contaminating 
microorganisms are considered challenging the materials, products and production practices 
(Malcolm, 1976): 

(a) A low level of a mixed population of microbial contaminants in equilibrium with the 
environment exists in all raw materials and final products, consistent with their respective 
thermal histories. This is termed static contamination, and preservatives have been developed to 
keep it under control. As long as it is not jeopardizing the wholesomeness of a product, it is of 
little concern. 

(b) A sporadic contamination from an external source may occur and, under favourable conditions, 
reach a very high level, usually consisting of a single population. According to the literature 
(Malcolm, 1976). Gram-negative bacteria dominate, but in our experience contamination with 
molds was no less frequent. This is called dynamic contamination. Usually it cannot be dealt 
with effectively by preservatives alone, the use of which is governed by the principle: "as much 
as necessary, as little as possible". The present report deals with irradiation decontamination of 
several types of dynamically contaminated personal care products, such as make-ups, 
toothpaste, shampoos and creams, as well as of some raw materials used in the manufacture of 
these products. 
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2. MATERIALS AND METHODS 

The samples by four manufacturers were brought to our attention. All samples described in this 
report contained microbial flora in excess of the manufacturers' requirements. Contamination could 
have been introduced either through contaminated raw materials or contracted on the factory floor at 
some stage of the manufacturing process. 

 
The dose of irradiation required to reduce microbial load to an acceptable level was determined 

in experiments carried out jointly with the respective manufacturers. The manufacturers provided a 
number of identical samples of contaminated batches; the samples were coded by us before irradiation, 
and returned to the respective manufacturers’ laboratories after irradiation. The codes and 
corresponding irradiation doses were disclosed to analysts only on their reporting the results of 
microbiological analyses. One code in each batch, also unknown to analysts, was not irradiated, to 
enable redetermination of the initial microbial load under the same conditions of transportation, 
handling, thermal, etc. histories as experienced by the irradiated samples. Homogeneous materials 
(pigments and abrasives) were distributed in several (usually 5) parallel samples for each dose; they 
typically consisted of 10-g plastic pouches sealed in equilibrium with air. Of compartmentalized 
materials, each product unit in its final package (toothpaste tubes, shampoo sachets, milk dispensers, 
liner pencils) represented an individual sample. Several (usually 10) parallel samples were irradiated 
with any single dose, or were left unirradiated for the redetermination of the initial contamination. 

 
The samples were irradiated with 60Co gamma rays at dose rates in the range 1-15 Gy/s, the 

largest dose usually not exceeding 2 kGy. The fraction of surviving microorganisms in sublethally 
irradiated samples was determined, and dose-survival curves constructed. No attempts at identifying 
individual strains were made at this stage. The manufacturers analysed their own samples according to 
the procedures established by regulations. The results were expressed in terms of the dose required to 
reduce the initial count to 10%, i.e. the dose yielding the first 90% kill, Dfirst 90% red. As it turned out, 
most contaminations consisted of homogeneous populations, as evidenced by a good linearity of the 
dose-survival curves over many orders of magnitude. 

 
Generally, total aerobic plate count (TAPC) was determined on nutrient agar incubated at 32oC 

for 72 h; bacterial spores were determined on the same substrate, but after a 5 min boiling water dip; 
yeasts and molds propagula: on Sabouraud agar incubated at 32oC for 24 h, followed by 48 h at 20oC. 

2.1. Results 

2.1.1. Make-up and toothpaste 

Powders are characterized by a very large surface area which is in principle capable of 
harbouring a very large number of microorganisms by adhesion. Fortunately, however, mineral 
powders are not particularly hospitable substrates, and high contamination levels do not usually occur. 
Contamination of mineral powders by molds, in our experience, hardly exceeds few hundreds at most. 

 
An illustration of the scatter of results to be expected of a repeated microbiological analysis of a 

single batch is given in Table I. One powder was amorphous silica used as an abrasive in toothpaste, 
the other was TiO2, used as a diluent for talc in powders. Even in these apparently homogeneous 
materials the coefficient of variance may be as high as 50%. 

 
Natural mineral pigments may sometimes contain excessive contamination by molds. Those 

found in red pigments “burgundy”, “inter-red” and “antique red” were most resistant to irradiation, 
with Dfirst 90% red of about 2 kGy (Fig. 1), and could well be originating from the same source. Molds 
thriving in umber pigment and eye shade were less resistant, Dfirst 90% red = 0.5 and 1.2 kGy, 
respectively (Fig. 2), while samples of black, white¸ olive¸ brown and blue pigments were free of 
excessive molds. The molds in amorphous silica were of intermediate resistance to irradiation (Dfirst 90% 

red = 0.8 kGy, Fig. 3). 



 
 

44 
 

Contrary to bulk powders, where samples from a homogeneous batch can be easily withdrawn, 
sampling from a batch of final products may create problems: there can be no safety in assuming that 
product units withdrawn as samples would all have the same contamination in all units 
compartmentalized by final packaging. This is illustrated in Table I for toothpaste in tubes, shampoo 
in sachets and sunscreen in dispensers, where the coefficient of variance could be as high as 80%. For 
the construction of dose-survival curve in toothpaste, individual tubes were sampled before and after 
irradiation. The initial contamination of toothpaste by Gram-negative bacteria was rather high, above 
105/g, but these bacteria were rather sensitive to irradiation, with Dfirst 90% red about 0.4 kGy (Fig. 3). 

2.2. Eye liners and lip liners 

The cores of liner pencils come into close contact with mucuous tissue of the eye (eye liner) and 
mouth (lip liner). This is the main source of concern in considering adverse effects of microbial 
contamination of these products. However, not only core materials, but also wood casing of a pencil 
may be contaminated. An interesting case of contamination of a lip liner's wooden part is illustrated in 
Fig. 4. Contaminating molds were rather resistant to irradiation (Dfirst 90% red about 2 kGy), in keeping 
with relatively higher resistance to irradiation of molds in dry environments. Fig. 4 also shows the 
survival of molds in an eye liner by a different manufacturer, and the survival of Gram-negative 
bacteria in an eye liner. Again, in keeping with the experience in powders, the radiation resistance of 
Gram-negative bacteria is 2–4 times lower (2 to 4 times lower value of Dfirst 90% red) than the radiation 
resistance of molds in the same substrates. 

2.3. Shampoos 

Although compartmentalized in 10-gram sachets, contamination of a shampoo with yeasts was 
surprisingly homogeneous (Table I). Yeasts contaminating shampoos were most radiation-sensitive 
species of contaminants encountered in this study, their sensitivity being larger than that of molds. On 
the contrary, sporogenic bacteria in shampoo were the most radiation-resistant microorganisms found, 
Dfirst 90% red being 4 kGy (Fig. 5). The initial contamination was more than 103/g, so that reducing it 
below 10/g would require the irradiation dose of almost 10 kGy. However, at that dose the greenish 
color characteristic of that product changed into yellowish. 

2.4. Cleansing milk 

Two batches of cleansing milk by the same manufacturer were analysed over the period of two 
years. This was the only personal care product in which mixed population of contaminants was made 
evident by irradiation with a series of sublethal doses (Fig. 6). Contamination from the same source 
most probably occurred in both instances. Dominant population consisted of Gram-negative bacteria, 
which were identified as Klebsiella in one batch. Less numerous, more radiation-resistant 
contaminants were molds, originating from the plastic containers. 

2.5. Creams 

Creams are highly susceptible to microbial deterioration, together with liquids, suspensions, 
syrups and emulsions (Sharpell and Manowitz, 1983). Contamination is facilitated by the availability 
of nutrients and is easily spread throughout these media by diffusion. All surveys of microbial 
contamination of cosmetics found creams to be the product in high risk category. In screenings for the 
incidence of microbial contamination, only creams were found in all surveys without exception, as 
contrasted with cleansers and lotions (Baird, 1988), which were found only sporadically. Liposome, 
which is only a carrier for cream, may also be contaminated. The contamination with Gram-negative 
bacteria had a relatively large resistance to irradiation (D first 90% red = 0.6 kGy). Similar contamination 
with respect to the amount and radiosensitivity was found in cream towelettes of the same 
manufacturer (Fig. 7). 
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FIG. 1. Dose-survival curves of mold propagula in red pigments 

 

 

FIG. 2. Dose-survival curves of mold propagula in umber pigments (squares) and in eye shade (circles) 
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FIG. 3. Dose-survival curves of mold propagula in amorphous silica (square) and of Gram-negative 
bacteria in toothpaste (circles) 

 

 

FIG. 4. Dose-survival curves of mold propagula in eye liner (circle), in lip liner (triangle), and of Gram-
negative bacteria in eye liner (squares) 
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FIG. 5. Dose-survival curves of yeasts in shampoo (square) andin hair conditioner (circles), and  of 
sporogenic bacteria in shampoo(triangles) 

 

 

FIG. 6. Dose-survival curves of mixed populations of Gram-negative bacteria and molds in two batches 
of cleansing milk 
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FIG. 7. Dose-survival curves of Gram-negative bacteria inliposome (circles) and in cream twelettes 
(squares) 

 

 

FIG. 8. Dose-survival curves of Gram-negative bacteria inaftershave cream (squares) and in milk spray 
(circles) 
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TABLE I. . DISTRIBUTION OF MICROBIOLOGICAL CONTAMINATION IN MULTIPLE 
SAMPLES OF HOMOGENEOUS MATERIALS AND IN COMPARTMENTALIZED SAMPLES 

Sample Homogeneous materials Compartmentalized materials 
 Amorphous 

silica (mold 
propagula) 

Titanium 
dioxide (mold 
propagula) 

Powder cake 
(mold 
propagula) 

Toothpaste 
(Gram-neg. 
bacteria) 

Shampoo 
(yeasts) 

Sun 
screen 
(TAPC) 

1 100 180 40 5.3 × 105 520 5 × 103 
2 170 170 120 5.4 × 105 500 8 × 103 
3 240 230 40 2.1 × 105 500 2 × 103 
4 150 260 380 0.8 × 105 560 2 × 103 
5 60  110 1.8 × 105 540 1 × 103 
6    3.1 × 105 570  
7    2.8 × 105 430  
8    3.6 × 105 480  
9    1.8 × 105 560  
10    4.3 × 105 400  
Average 
± SD 

144 ± 69 210 ± 42 138 ± 140 (3.1 ± 
1.6)×105 

506 ± 57 (3.6 ± 
2.9)×105 

Variance 48 20 100 50 11 80 

 

3. DISCUSSION 

Growing concern with microbial contamination of cosmetics and toiletries over the last quarter 
of the past century has been seen by some authors as a consequence of the “age of consumerism” 
(Sharpell and Manowitz, 1983). Not only that the absolute number of consumers was increasing, but 
the market for personal care products was growing faster than the population, also in well established 
markets (Houlton, 1998). The hygienic requirements on the products grew concomittantly with the 
consumption, as did the responsibility of the regulatory bodies. 

However, it appears that these trends were not accompanied by the corresponding decrease of 
microbial incidence in cosmetic and toiletry products. The incidence of microbial contamination 
between 2.5% and 43% was reported in unused cosmetic products in Germany, UK, USA and Canada 
between 1967 and 1977 (Baird, 1988). Contemporary Yugoslavian and Hungarian surveys both 
reported 56% incidence in some final products (Grujic and Basic, 1976) and in ointment raw 
materials, respectively (Hangay, 1978). Recent surveys by the US Food and Drug Administration 
report 25% recalls of unused cosmetic products due to microbial contamination in 1991/1992 
(Venugopal, et al., 1996), and 36% recalls of food and cosmetic products between 1993 and 1998 
(Wong, et al., 2000). 

How was it possible that microbiological contamination persisted as the leading cause of recalls 
for such a long time? The reason is partly in the ever tightening microbiological requirements on the 
one hand, and in the ever widening basis of raw materials , on the other hand. It is also a reflection of 
the fact that many cosmetic products and raw materials are susceptible to microbial contamination, 
and that environmental pressures cannot always be successfully withstood. 

Under these circumstances some form of intervention is justified, and irradiation offers itself as 
a particularly suitable means to that end. Besides its well appreciated technological advantages, when 
processing by irradiation is used, it is possible to set in advance the end-point of the process, and by 
selecting the dose appropriate to the purpose, to accomplish at the same time a comprehensive quality 
assurance. 
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By analogy with early thinking on food irradiation, where an inactivation factor of 1012 was 
recommended for the inactivation of Cl.botulinum spores (Schmidt, 1963), early work on 
pharmaceuticals and cosmetics also relied on the application of 25 kGy dose. However, such a high 
dose was unrealistic, as much as it was wasteful, in some instances damaging to products (Boegl, 
1985), and generally prohibitive. Armbrust (1975) proposed radiation pasteurization of 
pharmaceuticals and raw materials, while Hangay (1978) extended it to include cosmetics and raw 
materals. 

The key question is: how much irradiation is sufficient? To answer it, microbial limits have to 
be agreed upon first. Defining maximum tolerable number only is objectionable, because it might 
include some pathogenic microorganisms, which might not be absolutely harmless in that amount. On 
the other hand, the request for the absence of pathogens is not realistic, because it is impossible to 
prove. 

The compromise, which is a part of most regulations, requires the absence of some specific 
pathogens (Pseudomonas aeruginosa, E. coli, Salmonella spp. and Staphylococcus aureus ) and total 
microbial content of bacteria, yeasts and molds below 1000/g. This limit is high enough to prevent the 
rejection of most statically contaminated products, and, at the same time, is significantly lower than 
most sporadically contaminated products. 

Many manufacturers choose to impose even more conservative limits to their products. Besides 
being of help in maintaining a firm control over the incoming materials and production, and in 
neutralizing the effects of minor excursions, it also helps to build an image of a responsible company. 
As pointed out earlier, the application of irradiation enables even more rigorous limits to be set (and 
maintained) at will. The end-point NT was set at 10/g in order to observe the corresponding dose 
requirement. This rigorous end-point is actually enforced by some companies, although the official 
limits may be 100 times more relaxed. In all cases but two (molds in eye liner casing and 
sporeforming bacteria in shampoo) the required dose did not exceed 3 kGy. 
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Abstract 
In the present study, two anticancer drugs, Cyclophosphamide and  Doxorubucin Hydrochloride have 

been investigated. The results of various physico-chemical tests on unirradiated and irradiated  drugs indicate 
possibility of use of lower radiation doses and  cryo-irradiation in case of sterilization of Cyclophosphamide. 
Doxorubcin Hydrochloride could be sterilized at 25 kGy without any significant changes in its physico-chemical 
properties. HPLC studies reveal formation of several trace level degradation products in irradiated 
cyclophosphamide. HPLC/MS studies revealed that  higher and lower molecular weight products of the original 
molecules are formed on irradiation. Although, no significant changes are observed in absolute purity values, a 
little discolouration and formation of degradation products in Cyclophosphamide are  the main impediments in 
acceptability of radiation sterilization. On the other hand, orange-red coloured Doxorubicin Hydrochloride did 
not show any such changes and could be radiation sterilized at normal sterilization dose of 25 kGy.  

 

1. INTRODUCTION 
 
Radiation processing for sterilization is now well established technique for large number of 

products in medical field. However, radiation sterilization of pharmaceutical products is one grey area 
where full potential of the technology is yet to be realized. The reason being , adequate data is not  
available on such products, especially on parenteral drugs whose solutions are not stable and which  
are dispensed  as sterile powder. Formation of low concentration radiolytic products, discolouration 
and safety of the irradiated drug are the main points of concern. For sterilization of pharmaceutical 
powders, aseptic filtration, lyophilization, hot air sterilization, EtO etc. are used where ever applicable. 

 
Aseptic handling, using lower radiation doses and higher dose rates, use of inert atmosphere and  

low temperature (cryoirradiation) could be some of the approaches to minimize undesirable changes 
which could be produced by radiation sterilization. Availability of modern techniques now enables to 
probe into chemical structure and quantities of radiation degradation products,  knowing  which might 
help to promote use of radiation processing for sterilization of pharmaceutical products. 

 
In the present study, two anticancer drugs namely (1) cyclophosphamide(CP) and (2) 

Doxorubicin Hydrochloride (DOXO) have been selected for investigation. Both are normally 
dispensed as dry powders along with sodium chloride (CP) and sodium chloride or lactose (DOXO). 
These drugs are quite expensive and  are presently sterilized by micro-filtration and lyophilization.. In 
India, these drugs are imported presently. A local manufacturer, who has indigenously developed these 
molecules is interested in radiation sterilization of these drugs because of the problems encountered by 
other methods of sterilization [1-5].  

 
The study has been divided in two sections. The first section describes results of investigations 

on cyclophosphamide and the other on Doxorubicin Hydrochloride. 
 

2. CYCLOPHOSPHAMIDE 

 
The basic structure of Cyclophosphamide is: 
 

• 2-[Bis(2-chloroethyl)amino]perhydro-2H-1,3,2-oxazaphosphorine 2-oxide monohydrate 
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• Molecular Weight = 279 
• Melting Point = 50-53 0C 

 
Cyclophosphamide is used for treatment of Lymphosarcoma, Hodgkin Disease, Multiple 

Myeloma, Lymphatic Leukemia, Ovarian and Other Carcinomas, Tumors of Neck and Head, 
Retinoblastoma, Carcinoma of the Breast etc. It is used in the form of tablets and injections. 

 
Considering the above structure of the molecule, irradiation could result in formation of 

chloride ions, hydrogen ions and  free radicals and possibly some radiolytic products. DSC and TGA 
profiles of CP were recorded on Mettler DSC-30 and TG-50. It was found that the melting point was 
about 50 0C, followed by thermal decomposition at around 80 oC. Significant weight loss is only 
observed at about 210 0C. The profiles clearly showed that CP cannot be heat sterilized (dry or wet). 
Some of the DSC results of our investigations to check overall integrity of CP before and after 
irradiation are give in the Table I. The results show that irradiation does not significantly affect 
melting points, heat of fusion and mole percentage purity values. 

TABLE I. HEAT OF FUSION, MELTING POINTS AND PURITY VALUES OF 
CYCLOPHOSPHAMIDE AT GRADED GAMMA RADIATION DOSES 

Property  Control 10 kGy  15 kGy  30 kGy 
H fusion (J/g) 136 132  134  132 
Tf (0C)  50.9 50.2   50.7  50.5 
Purity mole %  99.9  99.96  99.82  99.78 

Tf = fusion temperature 
Dose Rate  = 10 kGy/Hour, GC-5000 
Temperature of Irradiation = -196 0C 

 
The results of various pharmacopoeia (IP) tests conducted on unirradiated and irradiated CP are 

given in Table II [6]. As shown in Table II, irradiated CP does not pass all pharmacopoeia tests. High 
assay value is however retained in all the irradiated samples. The irradiated samples do not pass 
chloride test and show drop in pH values. Discolouration on irradiation is prominent at dose of 10 kGy 
and above. These results indicate that CP can not be radiation sterilized at a lower of dose of 10 kGy 
even at liquid nitrogen temperature. 

 
Since the drug acts by alkylating diseased cells, the alkyl chloride part of the molecule is very 

important. Considering insignificant change in assay value of  the irradiated drug, the efficacy of the 
drug is not expected to change. 

TABLE II. SOME PHARMACOPOEIA TESTS CONDUCTED ON CYCLOPHOSPHAMIDE(IP) 

Sample 
Description(I.P.): 

pH Chloride  M.P( 0 C) Water (K.F.) Assay 
(HPLC, USP) 

White or almost  
white powder 

4 to 6 Meets I.P 49.5 – 53 5.8-7.0 98-102%  

Control 
White Powder 

5.40  Complies 50-53 6.12  100.08 

10 kGy  
Yellowish-off white 
powder 

4.28  Does not 
comply 

50-54  6.17 98.86 

15 kGy  
Yellowish white 
powder 

4.40 Does not 
comply  

50-54 6.01  99.5 

30 kGy  
Pale yellow powder 

4.20  Does not 
comply  

50-53 6.07  99.03 
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Microbiological studies 
Cyclophosphamide is a cytotoxic drug and does not support growth of microorganisms. 

Aseptically filled 100 vials (vials, rubber bunk were presterilized by heat) containing 200 mg of CP 
were tested for sterility (IP). Only 2 vials failed the test (sterility tests were performed by the 
manufacturer). Irradiation between 5-50 kGy gave all sterile samples. 

 
Electron Beam Irradiation 
Samples of CP were irradiated at different radiation dose using ILU-6 Electron Beam Machine 

at liquid Nitrogen Temperature as well at room temperature (30 0). Table III gives the results of DSC 
analysis for samples irradiated at liquid nitrogen temperature. Results of samples irradiated at room 
temperature are given in Table IV. 

 

TABLE III. HEAT OF FUSION, MELTING POINTS AND PURITY VALUES OF 
CYCLOPHOSPHAMIDE AT GRADED ELECTRON BEAM  RADIATION DOSES 

Property  Control  10 kGy  15 kGy    30 kGy 
H fusion 
(J/g) 

137 136 133 128 

Tf  
(0C) 

50.4 49.7  49.9 48.9 

Purity 
mole % 

99.9 99.84 99.89  99.75 

Tf = fusion temperature; Temperature of Irradiation = -196 0C 
 

TABLE IV. HEAT OF FUSION, MELTING POINTS AND PURITY VALUES OF 
CYCLOPHOSPHAMIDE AT GRADED ELECTRON BEAM RADIATION DOSES (ROOM 
TEMPERATURE) 

Property  Control   10 kGy  15 kGy   30 kGy 
H fusion     
(J/g) 

137  139   128    118 

Tf          
(0C) 

50.4  49.6   49.1    48.8 

Purity      
mole % 

 99.9   99.76   99.78    98.49 

Tf = fusion temperature ; Temperature of Irradiation = 30 0C 
 

Irradiation in air results in slightly more radiation degradation. This could be due to temperature 
rise during rapid irradiation (irradiation time=5min.). At low temperature (liq.N2) no significant 
differences were observed between samples irradiated by either Gamma or Electron Beam. 

 
Free Radicals 
Formation and decay of free radicals in CP was studied using Bruker ESR spectrometer. The 

concentration of the free radical was estimated using standard KBr and DPPH mixture. It was 
observed that free radical concentration increased linearly  with increasing radiation dose.. Saturation 
starts at about 50 kGy dose (plateau). The free radicals decayed by 25% in a month and 40% in three 
months time as observed by ESR. The values of concentrations of  free radicals/gm are given below in 
Table V. 
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TABLE V. FREE RADICAL CONCENTRATION IN CYCLOPHASPHAMIDE 

DOSE (kGy)  SPINS/g 1016    CP+NaCl (30%)  
0       0    0       
10   1.44      0.94 
15       2.00      1.49 
30      3.54   2.49 
50    1.82    3.40 

 
The “g” value of about 2.007 indicated free radicals to be of  free electrons type. Inclusion of 

NaCl in the formulation, reduced the free radical concentration  in proportion to its weight (Table V) 
showing, NaCl and CP in dry state act independently. 

 
Discolouration: 
Cyclophosphamide discolours on irradiation either by gamma or electron beam. The colour 

changes from white to off-white at less than 10 kGy and to brown at higher doses such as 50 kGy. The 
colour changes were monitored by diffuse reflectance spectroscopy using Shimadzu 
spectrophotometer. Unirradiated sample was used as reference in the integrating sphere of the 
instrument. While unirradiated samples did not show any absorbance, irradiated ones showed 
absorption between 450 to 550 nm. The absorption increased with increasing radiation dose as shown 
in Fig.1. Irradiation at lower temperature (liq. Nitrogen) does result in lower absorption (less 
discolouration) as shown in Fig.2. In this case, it is observed that the colour produced at Liq. N2 is 
half of that produced at the same dose when irradiated at 40 oC. 

 
Discolouration in the samples could be due to free radicals, chemical impurities and surface 

defects. Temperature of irradiation does affect their concentrations. Lower thermal stability, as that of 
cyclophosphamide could be the reason for increased degradation/discolouration in electron beam 
irradiation. Although, these changes are quantitatively small but pose aesthetic problems. Present 
study reveals that irradiation at low temperature reduces these changes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 1. Absorption increased with increasing radiation dose 
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FIG. 2. Cyclophosphamide, Temperature on Irradiation Effect 

Chemical Degradation 
To investigate extent of chemical degradation, unirradiated and irradiated samples were 

analysed using UV/VIS spectrophotometer, model M-350 (CAMSPEC, U.K). The spectra of the 
unirradiated and irradiated samples are given Fig.3. The spectra of irradiated samples shows a strong 
absorption at 280 nm. Since the high purity level is maintained (DSC&HPLC purity values), it 
indicates that the impurity formed must be that of high extinction coefficient.  
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FIG. 3. UV/ VIS Spectra of Cyclophosphamide 
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Fig. 4 shows linear increase in absorbance with increasing radiation dose indicating radiation 
degradation with increase in dose 
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FIG. 4. Dose Vs. Absorbance at 280 nm 

On checking absorbance values after a gap of four months no significant changes were observed 
in control and irradiated samples. 

 
Lower Dose Irradiation 
Considering the observation of low microbial contamination in aseptically processed CP vials, 

10 vials each containing 200 mg of CP were exposed to 5 kGy at liquid Nitrogen temperature in 
Gamma chamber 5000. The samples were tested for sterility and chemical stability. These samples 
passed pharmacopoeia as well as sterility tests. This study implies that lower doses of irradiation may 
be used for sterilization of aseptically processed product.  

 
The samples of CP irradiated in plant for 5 kGy actually received 6-7 kGy due to overdose ratio. 

The results of pharmacopeia tests are given in Table VI. Here also, chloride test does not comply. 
 

TABLE VI. PHARMACOPOEIA  TEST ON CP IRRADIATED IN PLANT AT 5.0 KGY 

TEST   SPECIFICATION   RESULT 
Description   White powder       cream coloured powder 
pH(2%) Sol.  4.0 to 4.6          3.88 
Chloride  Meets test              Does not comply 
Reconstituted 
Solution free from particles 

Clear, colourless              Slight opalescent solution 

Sterility     Meets test                 Complies 
 
Due to over dose ratio and requirement  of Liq. Nitrogen, it could not be feasible to deliver 

exactly 5 kGy dose in  commercial  gamma sterlization plant.. The actual dose received was 7 kGy  . 
Therefore, such factors should be considered while carrying out feasibility studies. 



 
 

58 
 

 

3. HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC STUDIES(HPLC) 

 
The insignificant changes in assay values determined by HPLC and DSC indicate that the drug 

molecule is quite stable to radiation. The degradation products formed at trace level could be separated 
and detected by this technique. The effect of temperature of irradiation and high dose rate on 
degradation profile (number and concentration of degradation products) of the drug was studied using 
E. Merck-Hitachi HPLC system with Diode Array Detector (DAD). About 20 microgram of the 
samples were injected for assay and about 150-200 microgram for recording degradation profiles of 
unirradiated and irradiated samples. Reverse phase, C-18 analytical column, Acetonitrile: Water 
(30:70) as mobile phase and 200 nm as detection wavelength were employed. The spectra of various 
impurities were recorded using capabilities of DAD . 

 
Figure 5 shows HPLC profile of control and irradiated samples. The main peaks of both the 

profiles are overlapping and normalized peak areas show insignificant change in over all purity of the 
samples. The retention time (Rt) of the main peak is about 8 minutes. Fig. 6 shows degradation profile 
of the control and irradiated samples (Rt upto 30 minutes). The concentration of several degradation 
products eluting at different (Rt) increased at higher doses. A few degradation products are observed 
after main peak retention time.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 5. HPLC profile of control and irradiated samples 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 6. Degradation profile of the control and irradiated samples 
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Purity values of samples irradiated to 30 kGy by gamma radiation at 40 oC, Liquid nitrogen 

temperature (-196 oC) and EB irradiated samples did not show significant differences. The degradation 
profiles of the samples however showed differences as shown in Figure 7. The higher concentration 
and number of degradation products are more in EB irradiated samples. While, low temperature of 
irradiation does reduce concentration of impurities in the degradation profile of the irradiated samples. 
High dose rate, as in the case of cyclophophamide is not suitable as indicated by the results of present 
study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 7. HPLC Degradiation profiles of Cyclophosphamide 

A – Gamma 30 kGy RT; B- Gamma 30 kGy LIQ N2, C- EB 30 kGy, LQ N2 
 
 
To enquire into nature of these degradation products, the DAD spectra of degradation products 

is given in Fig. 8. Degradation peaks at Rt 1.28 and Rt 6.45 have absorption maximum at about 280 
nm. Peak at Rt 1.80 and 2.24 have contribution near 310 nm. These compounds could be responsible 
for extra absorption arising in irradiated samples in normal uv/visible spectrum. Other peaks absorb 
near 200 nm region. 
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FIG. 8. DAD spectra of degradation products  

 

4. LC/MS STUDIES 

Figs. 9&10 show Total Ion Current( TIC) mass spectra of control and irradiated (30 kGy) 
samples. Spectra were recorded on E. Merck – Hitachi HPLC-MS system(M-8000, ion trap based, ESI 
interface, mass range upto 1000 amu, 200 microgram sample injected) using mobile phase containing 
(A) 20 mM Amonium acetate in water, pH 4.6, adjusted with acetic acid and (B) Methanol containing 
acetic acid(0.1%). Reverse phase, RP-18 column and a flow rate of 0.2 ml was employed for 
separation. Table VII gives the summary of results obtained from the mass spectra of control and 
irradiated samples. 

TABLE VII. MASS AND BASE PEAKS OF DEGRADATION PRODUCTS IN TIC SPECTRA OF 
CONTROL AND IRRADIATED SAMPLES 
Rt(Control) Mass Peak  Base Peak Rt(30 kGy)  Mass peak  Base Peak 
1.89 257 257 1.93 298.5 261 
   3.88 199 199 
   7.07 351 239 
   8.00 375 140 
9.09 247 247 9.33 297 247 
   10.26 380 158 
   11.46 227 227 
12.73 * 261 261 13* 261 261 
   16.71 309 309 
* = Main Peak      
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FIG. 9. LC/MS TIC Spectrum of unirradiated sample 
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FIG. 10. LC/MS  TIC spectrum of  irradiated Cyclophosphamide sample 
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TIC spectrum of irradiated samples shows three prominent peaks at Retention times 1.93, 3.88 

and 11.46. Other peaks are relatively small. From fragmentation pattern of the peaks the probable 
structures of the main degradation products are following. 

 
The origin of  formation of higher mass molecules could be due to inter molecule reactions 

probably occuring during dissolution(free radicals) or in amorphous regions of the crystalline powder 
during irradiation. No multiples of original mass were detected, indicating fragments of the original 
molecules getting attached (Table VII). Residual solvents could also form/associate some of the 
impurities. Quantitation of the impurities could not be done due inherent limitation of small 
concentration. 

 
Conclusion: Cyclophosphamide has been observed to be radiation sensitive. It is possible to 

sterilize it at 5 kGy using lower irradiation temperature (-196oC) . 
 

5. DOXORUBICIN HYDROCHLORIDE 

 
Doxorubicin 
Hydrochloride is an anticancer drug used for treatment of various types of cancers [7]. The 

cytotoxicity of the drug is due to its ability to interact with DNA, plasma membrane and various 
oxidation, reduction reactions. It is available in the form of dry mixtures along with either lactose or 
NaCl in glass vials for injection. In the present study Doxorubicin with lactose and without lactose 
were investigated. The molecular structure is given Figure 11. It has a ring structure attached to an 
amino sugar. The drug is quite heat stable and decomposes only at about 200 oC. Mol. Weight  = 
579.99, C27H29NO11.HCl 

 
 

 
FIG. 11. Structure of Doxorubicin Hydrochloride 

 
Doxorubicin HCl contained about 1.2×10 16 spins/gm in 25 kGy irradiated sample. Unirradiated 

sample did not show ESR signal. The free radical detected in irradiated sample have free electron 
characteristics having  a “ g” value of 2.004.. 
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The drug vials were irradiated at graded radiation doses of 0, 15, 30 kGy in radiation 

sterilization plant, ISOMED. The 50 mg vial contained 40 mg of lactose and 10 mg of 
Doxorubicin.HCl. The non irradiated and irradiated drugs (0,15, 30 kGy) comply with the USP 
pharmacopoeia tests. Radiation degradation studies were investigated using HPLC of E.Mecrck-
Hitachi. Mobile phase contained equal volumes of acetonitrile and 0.01 M Sodium Lauryl Sulphate in 
0.02 M phosphoric acid. For monitoring, wavelength 487 nm was used. About 40 µm sample was 
injected for separation, purity evaluation and recording and degradation profile of DOXO.RP-18 
reverse phase column was employed for separation. 

 
The UV-VIS spectra and pH values of the control and irradiated samples did not show 

significant differences. The comparison of average peak area of five injections for each of control, 15 
and 30 kGy irradiated samples did not show significant differences indicating stability of the drug at 
30 kGy (Fig.12). The degradation profiles of the drug extracted at 487 nm (Fig. 13) and 200 nm 
revealed that even unirradiated drug contains number of impurities and irradiation produces one new 
impurity at retention time 3.77 minute in the HPLC profile. The DAD spectrum of most of the 
impurities was similar. Therefore, the new impurity has structure similar to that of DOXO. To identify 
the source of degradation product in Lactose mixture and to evaluate Doxorubicin and NaCl mixture, 
high purity (>99.5%) standard sample (DOXOR)was exposed to 30 kGy radiation dose 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 12. HPLC PROFILES OF DOXORUBICIN.HCl (lactose) AT 487 nm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 13. HPLC PROFILES OF DOXORUBICIN.HCl AT 487 nm 
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No significant changes were observed in 30 kGy irradiated DOXOR with respect to its original 

orange-red colour (Fig. 14). The HPLC profile of standard Doxorubicin shows formation of one 
impurity at Rt 2.45 detectable at 487 nm. At 200 nm another impurity was detected at Rt. 1.45 (Fig. 
15). The DAD spectrum of degradation product at Rt 2.5 is similar to Doxorubicin.HCl (Fig. 16) 
indicating similar structure. Absorption spectrum of the impurity detected at 200 nm is shown in Fig. 
17. The impurity at Rt 2.45 is also formed on heating the sample at 130 oC for two hours as shown in 
Fig. 18. The peak also increases on addition of acid to the injection solution indicating it to be 
hydrolysis product. From the observations, the product at Rt 2.45 appears to be Adriamycinone and 
Daunosamine(amino sugar, Rt 1.45). 

 
Considering extinction coefficient of degrdation product at Rt 2.45 similar to that of DOXOR, 

as eveidenced by DAD spectrum, the concentration of the impurity in irradiated sample (30 kGy) is 
0.05% in DOXOR and 0.62% in DOXO (lactose). This indicates that the presence of lactose increases 
the degradation of DOXOR. Therefore, DOXOR mixture with NaCl should be preferred for injections. 

 
As it is known aqueous solution are highly radiation sensitive and degrade extensively even at 

lower doses and also observed in the present study (Fig. 19)  
 
Conclusion:  Purity values, colour and degradation profile of irradiated (30kGy) 

Doxorubicin.HCl (powder) did not show significant differences with respect to unirradiated samples. 
Irradiated drug also passes Pharmacopoeia tests. Therefore Doxorubicin.HCl could be radiation 
sterilized at normal sterilizing dose of 25  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 14. HPLC DEGRADATION PROFILES OF DOXORUBICIN HYDROCHLORIDE 
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FIG. 15. HPLC DEGRADATION PROFILES OF DOXORUBICIN.HCl 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 16. SPECTRUM OF IMPURITY IN DOXORUBICIN.HCl (27 kGy) 
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FIG. 17. SPECTRUM (DAD) OF IMPURITY IN IRRADIATED DOXORUBICIN.HCl OBSERVED 
IN HPLC PROFILE AT 487 nm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 18. SPECTRUM OF DOXORUBICIN.HCl, MAIN PEAK IN HPLC PROFILE,  RECORDED 
USING DAD 
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FIG. 19. HPLC DEGRADATION  PROFILES  OF (CONTROL,A, 80 MICRO  gm) AND (B)  HEATED 
AT 130 OC ,DOXORUBICIN.HCl 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 20. HPLC DEGRADATION PROFILES OF DOXORUBICIN.HCl 
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6. CONCLUSIONS 

 
From the results of the studies carried out on Cyclophophamide and Doxorubicin 

Hydrochloride, the following inferences could be drawn: 
 

• Irradiated pharmaceutical powders, inspite of maintaining high chemical purity value might fail in 
some of the pharmacopoeia tests. These tests are formulated considering the production processes 
only. Some minor changes that could arise due to irradiation  without affecting the overall efficacy 
of the drug are not considered. Considering the advantages of radiation sterilization, these  points 
should be in the monographs. It would be desirable to consider radiation sterilization right at 
development stage of New Drug.  

• HPLC degradation profiles should be used to evaluate quality of irradiated drugs. Because other 
techniques may not be able to resolve the differences.  

• HPLC/MS analysis should be preferred for separation and identification of the degradation 
products. Total Ion Current spectrum can give information about the major degradation products 
which could be identified with the help of fragmentation pattern. 

• Lower irradiation temperature could reduce some of the undesirable changes in the irradiated 
products. 

• High dose rates Electron Beam Irradiation may not be desirable for thermal sensitive drugs like 
Cyclophosphamide. 

• ICH guidelines could be useful in evaluating irradiated products with respect to presence of 
degradation products. 

• The question of toxicity of small concentration of degradation product is debatable. It would be 
difficult to resolve toxicity status of unirradiated and irradiated drugs. Cyclophosphamide and 
Doxorubicin.HCl are themselves  known cytotoxic drugs. Still it  would be preferable to carry out  
some biological tests to rule out undue toxicity and  histamine like substances. Considering an 
irradiated drug as NEW DRUG is not  in line with  scientific data available so far. 

• Undesirable radiation effects can always be reduced by using aseptic conditions and lower 
irradiation doses . 

• Residual solvents also could form/ associate new degradation products in the irradiated drugs[8] 
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INFLUENCE OF RADIATION ON THE CONTENT OF BIOLOGICALLY ACTIVE 
SUBSTANCES IN HERBAL RAW MATERIALS. PHARMACOLOGICAL ACTIVITY 
OF HERBAL DRUGS AFTER MICROBIOLOGICAL DECONTAMINATION BY 
IRRADIATION  

W. MIGDAL, H. B. OWCZARCZYK 

Institute of Nuclear Chemistry and Technology, Warsaw, Dorodna 16, 

Poland 
 
Abstract  
Several thousand tons of medical herbs are produced annually by pharmaceutical industry in Poland. This 

product should be of highest quality and microbial purity. Recently chemical methods of decontamination are 
recognized as less safe, thus irradiation technique was chosen to replace them in use. In the Institute of Nuclear 
Chemistry and Technology research work on microbiological decontamination of herbal raw materials and 
herbal drugs by irradiation has been carried out since 1996. It was shown that using ionizing radiation ( a dose 10 
kGy) can obtain satisfactory results of microbiological decontamination of these products. The content of 
biologically substances such a essential oils, flavonoids, glycosides, anthocyans, antra-compounds, 
poliphenoloacids, triterpene saponins, oleanosides and plants mucus did not change significantly after 
irradiation. Pharmacological activity of herbal drugs has been found satisfactory after microbiological 
decontamination by irradiation. 
 

1. INTRODUCTION  

 
Microbiological contamination of herbal raw materials is a serious problem in the production of 

therapeutically preparations. A good quality of this materials according to pharmaceutical 
requirements may be achieved by different methods of decontamination. Each of decontamination 
treatment should: 

 
• be safety and fast;  
• be effective against microorganisms;  
• be able to penetrate the product;  
• be adaptable to large quantities of material with high efficiency;  
• not reduce the sensory and technological qualities of the treated commodities.  

 
Decontamination with ethylene oxide gives bacteriostatic or bacteriocidal effect without 

substantial changes in biologically active substances in raw herbal materials. However, ethylene oxide 
is considered as a human carcinogenic and mutagenic agent and the use of this substance for 
fumigation is prohibited in EU. In the near future the same situation will be in Poland.  

 
Decontamination by methyl bromide is not a process allowing to obtain the high 

microbiological purity of herbal raw materials. This process causes a decrease of essential oil content 
in fumigated materials. Furthermore, because methyl bromide destroys the ozone layer at atmosphere, 
the total prohibition of the use of this compound according to Montreal Protocol will be introduced in 
the EU from 2005.  

 
The effect of irradiation  was studied in three steps: 
 
• microbiological decontamination herbal raw materials;  
• content of biologically active substances in herbal raw materials;  
• pharmacological activity of herbal drugs.  
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2. RESULTS 
 

2.1. Microbiological decontamination of herbal raw material by irradiation  
 
The investigations were carried out on 18 raw medical herbs. The samples were irradiated by 

electron beam from accelerator „Electronic 10-10” at the dose 10 KGB. The level of microbiological 
contamination before and after irradiation was measured according to standards methods (1,2).  

 
Table I presents the content of aerobic bacteria in herbal raw materials before and after 

irradiation treatment. As seen in Table I the contamination of investigated samples by aerobic bacteria 
was in a large extent. After irradiation in 16 samples raw herbal materials total count of aerobic 
bacteria does not exceed 1000 in 1g samples. 

 
Total contamination by yeast and moulds before and after irradiation in herbal raw materials is 

shown in Table II. As seen in Table II contamination herbal raw materials by yeast and moulds exceed 
national requirements. Only in three herbal raw materials their contamination by yeast and moulds did 
not exceed 100 in 1g.  

 
The effect of irradiation on the level contamination by Enterobacteriaceae bacilli in herbal raw 

materials is given in Table III. As seen in Table III the content of Enterobacteriaceae bacilli was very 
high in: Hyperici herba, Menthae piperitae folium, Urticae folium, Calendulae flos, Tiliae 
inflorescentia, Glycyrrhizae radix, Lini semen and Phaseoli pericarpium. Irradiation at the dose 10 
kGy was sufficient to diminish the content this bacteria to the level less than 10 in 1g samples.  

 

TABLE I. INFLUENCE OF IRRADIATION AT THE DOSE 10 KGY ON THE CONTENT OF 
AEROBIC BACTERIA IN 1G OF HERBAL RAW MATERIALS 

Herbal raw material Before irradiation  After irradiation  
Abrotani herba 31 400 000 65 
Hyperici herba  8 200 000  10 
Thymi herba  350 000 <10 
Digitalis lanatae folium  500 000 <10 
Methae piperitae folium  47 200 000 550 
Salviae folium  23 400 000 50 
Urticae folium  48 400 000 4 100 
Chamomillae anthodium  20 000 000 10 
Calendulae flos  37 200 000  70 
Tiliae inflorescentia  1 030 000  300 
Juniperi fructus  17 000  10 
Frangulae cortex  1 123 000  100 
Hippocastani cortex  628 000  160 
Salicis cortex  150 000 <10 
Glycyrrhizae radix  44 400 000  410 
Valerianae radix  90 000  10 
Lini semen  6 100  
Phaseoli pericarpium  77 000  1 300 
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TABLE II. INFLUENCE OF IRRADIATION AT THE DOSE 10 KGY ON THE TOTAL 
CONTENT OF YEAST AND MOULDS IN 1G OF HERBAL RAW MATERIALS.  

Herbal raw materials  Before irradiation  After irradiation  
Abrotani herba  790 000  <10  
Hyperici herba  33 000 <10  
Thymi herba  520 000  <10  
Digitalis lanatae folium  28 000   <10  
Menthae piperitae folium   480 000  45  
Salviae folium  290 000  10  
Urticae folium   103 000   10  
Chamomillae anthodium  210 000  <10  
Calendulae flos  150 000  <10  
Tiliae inflorescentia  500  <10  
Juniperi fructus  1 900  <10  
Frangulae cortex  200   30  
Hippocastani cortex  600  <10  
Salicis cortex  10  <10  
Glycyrrhizae radix  810 000  <10  
Valerianae radix  300 <10  
Lini semen  70 <10  
Phaseoli pericarpium  10  <10  

 

TABLE III. INFLUENCE OF IRRADIATION AT THE DOSE 10 KGY ON THE CONTENT OF 
ENTEROBACTERIACEAE BACILLI IN 1G OF HERBAL RAW MATERIALS. 

Herbal raw material  Before irradiation  After irradiation  
Abrotani herba  100  <10  
Hyperici herba  1 000  <10  
Thymi herba  10  <10  
Digitalis herba 10  <10  
Menthae piperitae folium  110 000 <10  
Salviae folium  10  <10  
Urticae folium  5 200 000  <10  
Chamomillae anthodium 1 000  <10  
Calendulae flos  100 000  <10  
Tiliae inflorescentia  1 000 000  <10  
Juniperi fructus  <10  <10  
Frangulase cortex  <10  <10  
Hippocastani cortex  <10  <10  
Salicis cortex <10  <10  
Glycyrrhizae radix 1 000 <10  
Valerianae radix  <10  <10  
Lini semen  1 100  <10  
Phaseoli pericarpium  53 000  <10 
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2.2. The content of biologically active compounds before and after irradiation in herbal 
raw materials  

 
The content of biological active substances before and after irradiation has been investigated in 

the following herbal raw materials: Hyperci herba, Thymi herba , Urticae folium, Tiliae inflorescentia, 
Frangulae cortex, Glycyrrhizae radix and Lini semen. The samples were irradiated at the dose 10 kGy 
which was sufficient to microbiological decontamination all investigated herbal raw materials. The 
results of investigation are given in Table IV.  

 

TABLE IV. INFLUENCE OF IRRADIATION ON THE CONTENT OF MAINLY ACTIVE 
SUBSTANCES IN HERBAL RAW MATERIALS BEFORE (A) AND AFTER 
MICROBIOLOGICAL DECONTAMINATION (B). 

Herbal raw 
materials 

Active 
substances 

Content of 
substance A 

Content of 
active substancesB 

Decrease of 
content % 

flavonoids  1,05  1,06  0 Hyperrici 
herba  hypericin 0,04 0.04 6.7 

oils  1,40 1,36   2.9 Thymi herba  
thymol 98,80 94,80 4.4 

Urticae 
folium  

flavonoids  0,70 0,69 1.4 

Tiliae 
inflorescentia  

flavonoids 0.50  0,51  0 

Frangulae 
cortex  

antraquinone 3,65  3,70  0 

glycyrrhizoic    Glycyrrhizae 
radix  acid 1,21 1,11 8.3 

swelling     Lini semen  
mucus number 5,6 4,8 14.3 

 
In the most investigated raw herbal materials the content of biologically active substances did 

not change in a significant degree after irradiation. The decrease by 10% is considered as typical one. 
Only slightly change was found in Lini semen after irradiation. 

 
2.3. Microbiological purity and pharmacological activity of herbal drugs after 
decontamination by irradiation.  
 

2.3.1. Microbiological decontamination of medical herbs by irradiation.  
 
The investigation were carried out on 10 herbal drugs. They were selected by the main 

producers of herbal preparations in Poland as follows: Urogran, Reumogran, Nervogran, Normogran, 
Gastrogran, Cholegran, Betagran, Neonormacol, Rhubarb pills and Arcalen. Medical herbs were 
irradiated at the dose 10 kGy. The effect of  irradiation on microbiological purity of medical herbs is 
given in Table V.  
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TABLE V. THE CONTENT OF AEROBIC BACTERIA, YEAST AND MOULDS AND 
ENTEROBACTERIACEAE BACILLI IN 1G HERBAL DRUGS (A) BEFORE AND AFTER 
IRRADIATION (B) AT THE DOSE 10 KGY.  

Herbal drugs aerobic bacteria yeast and mould Enterobacteriace bacilli 
 A B A B A B 
Urogran  500  10 20  <10 <10 <10  
Reumogran  8 500 <10 40 <10  <10 <10  
Nervogran  70 <10 20 <10  <10  <10  
Normogran  102 000 40 <10 <10 330 <10 
Gastrogran  20 <10 580 <10  <10 <10  
Cholegran  150 000 30 3 100 <10 700 <10 
Betagran  70 000 70 30 <10 1 100 <10  
Neonormacol  2 100 100 20 <10 <10 <10  
Arcalen  30 <10 <10 <10  <10  <10  

 
As seen in Table V Normogran, Cholegran and Betagran were in the large extent contaminated 

by aerobic bacteria, yeast and moulds  and by Enterobacteriaceae bacilli. After irradiation 
microbiological purity all medical herbs was very high.  

 
2.3.2. Pharmacological activity of herbal drugs after microbiological decontamination by 
irradiation.  

 
2.3.2.1. Materials and methods 
 
In testing experiments 10 medical herbal drugs: Urogran, Reumogran, Nervogran, Normogran, 

Gastrogran, Cholegran, Betagran, Neonormacol, Rhubarb pills and Arcalen were used. The irradiation 
of herbal drugs originally packed was conducted at the dose of 10 kGy with the beams of 10 MeV 
electrons generated from the linear electron accelerator „ELEKTRONIKA” with the average power in 
the beam 10 kW  

 
In the case of herb granulates and Rhubarb pills the maximal therapeutic daily dose has been 

established in relation to the mean weight of human body taken as 70 kg. From this the daily dose per 
1 kg of the body has been calculated. The dose 10 times higher then maximal daily dose for human has 
been established to be applied in experiments with animals. Granulates and pills were given to animals 
with the use of a probe inserted to stomach. Before given to animals phytopreparations were powdered 
and suspended in water. 

 
The experiments have been undertaken with Wistar rats male and female, with body weights 

between 250g and 350g. Animals were fed with a normalized LSM feeding stuff. Rabbits of undefined 
strain weighting from 3.0 kg to 3.5 kg, were fed with a normalized feed. LSK feeding stuff were also 
taken for experiments. All animals received drinking water ad libitum. The minimal number of 
animals taken for experiment in one group was six (7).  

 
2.3.2.2.Duretic action  
 
Experiments were done with rats, by following a known methodology (3). Before conducting 

each of experiment the rats were allowed to unlimited access of water and feed. In experiments two 
groups of animals were used. The animals of a control group received 5 ml of water to stomach each, 
while those of experimental group received phytopreparation suspended in the same volume of water. 
Animals were kept in metabolic hutches for 24 h and, after this time, the volume and pH of collected 
urine were measured. 
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2.3.2.3. Spasmolytic action 
The experiments were done with isolated fragments of small intestine ( ileum ) taken from 

rabbits by Magnus  method (4). Shortly after latency of animals bleeding was done and subsequently 
intestine was excised from viscera. After removing mesentery the intestine was cleaned with Tyrode’a 
nutritive wash and cut to pieces about 3 cm long. Then fragments were placed in special device for the 
examination of isolated organs (Hugo Sachs Electronik, Germany) in 10 ml of Tyrode’a fluid at the 
temperature 37°C under the continuous flow of oxygen. The spontaneous mobility of intestine was 
recorder with the multi-pen recorder Model B 381, Hugo Sachs Elektronik (standard device). Then  
0.5 ml of investigated herbal drug was added (experimental sample) to the vessel. The spasm of the 
intestine was provoked with barium chloride solution of the concentration 5 mg/ml. 

 
2.3.2.4. Intensification of cholagogic action  
The latency of rats  was achieved by intravisceral application of Thiopental preparation in a 

dose of 40 mg per 1 kg of the body. Then than  bile canal of an animal was isolated and a cannula 
connected with a calibrated pipette was inserted to it. Herbal drug, in turn, was given intragastrically 
to the animal. The bile was collected during the period of 4 h while its recovery out was controlled 
every hour. 

 
2.3.2.5. Improvement of digestion 
The experiment was undertaken with rats by applying a known methodology (3).The control 

group received to the stomach with a probe 1% suspension of active  charcoal at the concentration of 
0.4 ml/100g body. The experimental group received in the same way the same charcoal suspension  
and then, after 30 minutes, the investigated  phytopreparation. After 4 h animals were put to narcosis 
with ether, their intestine was excited. The total length of intestine was measured as well as the lengths 
of intestine segments marked with charcoal inside. The rough length of intestine segments containing 
charcoal was summarized and expressed as a percentage of the total length of excited intensine 
(100%).  

 
2.3.2.6. Antibacterial action  
The standard strain Staphylococcus aureus FDA 209 P was used to determined antibacterial 

activity of investigated medical herbs. The lowest concentration of phytopreparation that blocked the 
growth of the colony of standard bacterial strain  was determined after 18 h of incubation at 37 °C (5).  

 
2.3.2.7. Calmatitive action  
In experiments a test for determination  of spontaneous mobility of rats  was adapted (3). In 

order to measure this parameter the device activity-meter type AM-1 (IBD PAN license) produced in 
Poland was used. By using the device the number of contacts of animals with sensors installed in the 
floor of the hutch was measured. Spontaneous mobility of animals was evaluated before and 30 
minutes after the delivery of investigated phytopreparation with the use of a probe inserted to the 
stomach. 

 
2.3.2.8. Anti -inflammatory action 
Rats of  a control group received to the right back leg the injection with microsyringe the 

volume 0.1 ml of 1% aqueous solution of carrageen . Phytopreparation was given in experimental 
group of animals in two ways. Granulate in the form of water suspension was introduced with a probe 
to the stomach 30 minute before carrageen injection, or on to rat’s leg a cream filled with 
phytopreparation was laid on immediately after carraganin injection. The measurement of the volume 
of rat`s leg was done with the use of plethylsmometer. The calculation for each group was based on 
average swell of rat`s leg (ml) recorded during 4 h (6). 



 
 

76 
 

 
2.3.2.9. Results  
 
2.3.2.9.1. Evaluation of diuretic action   
The results summarized in Tables VI and VII show, that volume and pH of urine extrected by 

animals after the treatment with Urogran and Betagran are virtually the same despite whether 
nonirradiated or irradiated phytopreparation was given to animals.  

 

TABLE VI. VOLUME OF URINE COLLECTED FROM RATS AFTER THEIR TREATMENT 
WITH UNIRRADIATED AND IRRADIATED HERBAL DRUGS 

Herbal drugs  standard value  unirradiated  irradiated  

Urogran  38 54  38 

Betagran  27 38  29 

 

TABLE VII. PH OF RELEASED URINE COLLECTED FROM ANIMALS AFTER THEIR 
TREATMENT WITH UNIRRADIATED AND IRRADIATED HERBA DRUGS.  

Herbal drugs standard value unirradiated irradiated  
Urogran  7,7 7,4 7,4  
Betagran 7,0 7,3 7,1 

 
2.3.2.9.2. Evaluation of spasmolytic action 
The results of experiments show, that spontaneous mobility of tissue fragments taken from 

intestine of a rabbit viscera after the application of phytopreparations i.e. of Urogran, Normogran, 
Gastrogran and Cholegran nonirradiated  and irradiated  ones, are not significantly different. Similar 
results were obtained after the induction of a spasm in intestine with barium chloride and its reduction 
by the action of herbal drugs. 

 
2.3.2.9.3.Evaluation of cholagogic action  
The influence of Normogran and Cholegran unirradiated and exposed to the action of ionizing 

radiation on the effectiveness of bile recovery in rats is shown in Table VIII. The obtained results 
prove the lack of any difference between the action of unirradiated and irradiated phytopreparations. It 
means, that irradiation of investigated herbal drugs does not influence to bile release. 

TABLE VIII. THE VOLUME OF BILE RECOVERY FROM ANIMALS AFTER THE 
APPLICATION OF WITH UNIRRADIRED AND IRRADIATE HERBAL DRUGS 

Herbal drugs  standard value  unirradiated irradiated  
Normogran 2.97 3.23 3,26 
Cholegran 2.97 3.48 3,33 

 
2.3.2.9.4. Evaluation of the improvement of digestion 
The results of experiments are summarized in Table IX. It is seen, that Cholegran, Neonormacol 

and Rhubarb pills intensify the peristalsis of intestine reflected in faster shift of extrement as compared 
with a control sample. No difference in this action has been proved between unirradiated and 
irradiated phytopreparations. 
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TABLE IX. INFLUENCE OF UNIRRADIATED AND IRRADIATED HERBAL DRUGS ON THE 
PERISTALSIS OF INTESTINE IN RATS  

Whole intestine intensine fragments 
marked with charcoal 

Herbal drugs 

CM % CM % 
    
92 100 31  34 
88 100 17 20 

Cholegran 
• standard  
• unirradiated 
• irradiated 88 100 17 20  

    
111 100 28 25  
116 100 40 34 

Neonormacol 
• standard 
• unirradiated 
• irradiated 113 100 33 29 

    
92 100 31 34  
97 100 20 21 

Rhubarb pills 
• standard 
• unirradiated 
• irradiated 92 100 17 18  

 
Evaluation of antibacterial action 
 
The results of the study on antibacterial action of Urogran and Cholegran are shown in Table X. 

It has been proven that both phytopreparations are characterized after irradiation by a slightly higher 
antibacterial activity as compare with nonirradiated ones. 

 

TABLE X. ANTIBACTERIAL ACTIVITY OF UNIIRADIATED AND IRRADIATED HERBAL 
DRUGS (MIC)* 

Herbal drugs  Unirradiated  Irradiated 

Urogran 90 75 

Cholegran  90 50 
* Minimal inhibitory concentration of standard bacterial strain S.aureus FAD 209 p (mg/ml).  

 
2.3.2.9.6. Evaluation of calmative action 

 
The influence of Nervogran on spontaneous mobility of rats is shown in Table XII. 
 

TABLE XI. THE INFLUENCE OF UNIRRADIATED AND IRRADIATED NERVOGRAN ON 
SPONTANEOUS MOBILITY OF RATS 

Nervogran  Number of 
impulses 

Spontaneous mobility 

Standard  142 100 

Unirradiated  74 52 

Irradiated  69 49 
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The results of experiments prove identical calmatitive action of preparation before and after 
irradiation. 

 
Evaluation of anti-inflammatory action  
The influence of ionizing radiation on anti-inflammatory action of both investigated herbal 

drugs is summarized in Table XII. 
 

TABLE XII. THE ANTI-INFLAMMATORY ACTION OF UNIRRADIATED AND IRRADIATED 
HERBAL DRUGS 

Mean swell of rat`s leg (ml) Herbal drugs 

unirradiated irradiated  

Reumogran  1.03 1,05 

Arcalen  1.04 0.98  

 

3. CONCLUSION  

 
Decontamination by irradiation is one of most effective method for decreasing of number of 

microorganisms in herbal raw materials. The content of biologically active substances in many raw 
herbal materials did not change in a significant degree after irradiation. 

 
The therapeutically properties herbal drugs are identical before and after their irradiation at the 

dose 10 kGy.  
 
On the basis of facility standards and technological instructions the processing technology was 

worked out.  
 
Possitive opinion of the Drug Institute was followed by the issue of permissions for the 

processing of herbal raw materials and herbal drugs.  
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Abstract 
A sample preparation method was developed to isolate chloramphenicol and its radiolytic products from 

an oily ointment base. The isolation method suspended the eye ointment in n-hexane at 45 °C, and isolated the 
target compounds as residue by centrifugation. It was found that the main element to ensure a satisfactory 
isolation was keeping the sample solution at 45°C during sample preparation. Linearity, precision, accuracy and 
suitability of the method were confirmed valid for both assay and impurity tests. This isolation method was ideal 
for assay, unique for extraction of unexpected and complex radiolysis products, and had a number of advantages 
compared to the pretreatment methods described in the United States Pharmacopoeia and British Pharmacopoeia, 
in terms of accuracy, precision, and easy handling. The effect of γ-irradiation on chloramphenicol eye ointment 
was studied by HPLC-DAD, after applying the developed sample preparation method. The present assay and 
impurity test methods with HPLC-DAD were confirmed to be suitable for irradiated chloramphenicol in eye 
ointment. 

 

1. INTRODUCTION 

 
Chloramphenicol (CAP) was initially determined by microbiological assay, but the elucidation 

of its structure has led to the use of a wide variety of chemical and physicochemical assay methods 
including argentometric titration, colourimetry, thin layer chromatography, UV spectroscopy, 
polarography, gas chromatography and the high-performance liquid chromatographic (HPLC). HPLC 
for the assay of CAP is superior to other conventional methods in speed, precision, specific and ease 
of performance. 

 
Reliable determination of the influence of γ-irradiation on chloramphenicol in eye ointment 

depends critically on proper isolation of CAP and its possible degradation products from the ointment 
base. Liquid-liquid extraction, solid-phase extraction and centrifugation are generally applied for 
separating chloramphenicol from matrixes. Being typical traditional isolation methods relative to on 
chloramphenicol eye ointment (CAPEO), the methods of The United States Pharmacopoeia (USP) and 
British Pharmacopoeia (BP) employ liquid-liquid extraction using methanol and water as extraction 
agents. Attia et al. presented an extraction method to deal with the effect of ointment bases and 
temperatures on the stability of chlortetracycline hydrochloride and chloramphenicol in eye ointments. 
Kim et al. used graphitized carbon black as solid-phase to extract CAP from biological samples. 

 
However, liquid-liquid extraction and solid-phase extraction are generally designed for assay of 

general chloramphenicol products only, and may not be applied directly to investigation of radiolysis 
products because it could not ensure an exhausted extraction of the complex and trace radiolysis 
products. Separating CAP impurities from petrolatum ointment has been little studied in past.  

 
Centrifugation, dissolving eye ointment in hydrophobic solvent and then separating the 

ointment part by centrifugation, can keep all the hydrophilic parts remained and ensure exhausted 
extraction. Although centrifugation is generally used as non-quantitative separation method, the 
method was used for qualitative separating neomycin from petrolatum based ointment for assay test. 
The aim of present work was, therefore, to explore the possibility to isolate and CAP and its radiolysis 
products from CAPEO and develop rapid and reliable method to determine the chemical changes of 
chloramphenicol eye ointment after γ-irradiation. In addition, suitability of traditional analysis 
methods on irradiated chloramphenicol products has yet to be confirmed. 
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2. EXPERIMENTAL 

2.1. Material and Reagents 

 
Chloramphenicol eye ointment, chloramphenicol powder, and eye ointment base (EOB, 

containing no active ingredient) were offered by Ciba Vision AG (Switzerland). All chemicals used in 
the present study were of reagent-grade or better. Methanol and acetonitrile were of HPLC grade 
solvent. The samples were irradiated in aluminium collapsible tubes by Cobalt-60 source to 25 or 50 
kGy, respectively, in a radiation sterilization plant of Studer AG (Switzerland). Details of the samples 
in this study were summarized in Table I. 

TABLE I. SAMPLE DESCRIPTION AND THEIR ABBREVIATION 

 Eye Ointment Base Chloramphenicol 
Powder 

Chloramphenicol 
Eye Ointment 

Non-irradiated EOB CAP-0 CAPEO-0 
Irradiated at 25 kGy - CAP-25 CAPEO-25 
Irradiated at 50 kGy EOB-50 CAP-50 CAPEO-50 
Spiked Samplesa EOB+CAP-0, EOB+CAP-50 

a Eye ointment base spiked with 10 mg CAP-0 and CAP-50, respectively. 

2.2. Instruments and Operation Conditions 

 
The HPLC experiments were carried out on a Merck Hitachi La Chrom liquid chromatograph 

equipped with an L-7100 pump, an L-7450 diode array detector, an L-7200 automatic injector, and a 
D-7000 interface. The operation conditions were summarized in Table II. Impurity test by HPLC was 
carried out according to the work of Altorfer et al. To minimize hydrolysis, all samples were analysed 
within 8 h after preparation. 

TABLE II. HPLC EXPERIMENTAL CONDITIONS FOR ASSAY AND IMPURITY ANALYSIS 

 Assay Test Impurity Test 
Column stainless steel, 125×4mm ID stainless steel, 250×4mm ID 
Stationary Phase LiChrospher RP 18, 5µm LiChrospher 60 RP select B, 5µm 
Mobile Phase water:methanol:glocial acid 

(55:45:0.1)a, 1.000 mL⋅min-1 
gradient: acetonitrile/phosphate buffer 
(20 mM, pH 2.5), 1.000 mL⋅min-1 

Detector Wavelength 280 nm 278 nm 
Sampling Size 10.0 µL 20.0 µL 

 
Gas chromatograph analysis was carried out on a Varian Star 3400 CX instrument equipped 

with flame ionization detector. Capillary column: Rtx-5 (crossbond 5% diphenyl-95% dimethyl 
polysiloxane, BGB Analytik AG, 30m, 0.32 mm ID, 0.5µm), 50 °C (hold 1 min) to 200 °C at 5 
°C⋅min-1. 

2.3. Sample Preparation Procedures 

 
Samples of non-irradiated/irradiated CAP powder were prepared according to the procedures 

described in Table III. For CAPEO samples, chloramphenicol and its degradation product were first 
isolated as dry powder and then prepared with the same procedures as that for CAP powder. 
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TABLE III. SAMPLE PREPARATION FOR THE HPLC ANALYSIS 

 Assay Test Impurity Test 
Initial Amount 1 10 mg CAP or equivalent 10 mg CAP or equivalent 
Dilution 1 50 mL, methanol 2 mL, mobile phase 
Initial Amount 2 10 mL of Dilute 1 none 
Dilution 2 50 mL, mobile phase none 
 
The isolation was carried out as following: equivalent to 10 mg CAP of CAPEO was accurately 

weighed into a 15-mL glass centrifuge tube. After adding 10-mL n-hexane, the sample was placed in 
water bath at 45°C for ca. 5 min and agitated until it was dissolved well. The sample was then 
centrifuged at 3500 rpm⋅min-1 for 2 min, and the supernatant liquid was discarded. This procedure 
was repeated three times. The analysis was carried put with the residues. 

 

3. RESULTS AND DISCUSSION 

3.1. Justification of the Method 

 
With n-hexane as the extraction medium, the present isolation method separated successfully 

the eye ointment into hydrophilic and hydrophobic portions. It covered the whole hydrophilic part of 
CAP and its radiolysis products. CAP contained strong polar groups like intro, hydroxyl and dichloro 
etc., which were very active during gamma processing, therefore the radiolysis products of CAP were 
normally unexpected and complex. In this case, liquid-liquid extraction or solid phase extraction could 
not ensure the exhaustive extraction. 

 
Leaving the n-hexane insoluble portion as dry residues, the method assured more freedom to 

choose solvent or solution concentration to dissolve those compounds for further analyses. This suited 
extremely well for the cases of analysis of radiolytic products, which were often unusual, complex and 
trace. This was in contrast to the methods of USP and BP, by which CAP and its degradation products 
would be extracted into a dilution solution of methanol or water. 

 
The USP employed methanol as the extraction medium to separate CAP from the ointment base. 

It was found that white precipitates were produced in the resulting solution, which not only interfered 
with experimental operations of assay, but also resulted in impurity test to fail. 

 
In addition, because CAP and its degradation products were isolated as dry powder, the present 

isolation made it easy to introduce other techniques (i.e. IR, TLC, NMR, LC-MS, UV etc.) for 
investigation of assay and radiolysis products in the ointment preparations. Finally, the manipulation 
of this method was very simple with only three times of centrifugation and reduced solvent 
consumption as well. 

3.2. Linearity 

 
Typical chromatogram of radiolytic products by the impurity test was showed in Fig. 1. Seven 

main impurity peaks were selected to study the impurities (identification of these peaks will be 
reported in our further work). Peak areas were used for quantitative calculation. In order to elicit the 
linearity of the present method, six levels over the range of 80-130% and 80-120% of the target 
concentration were used for assay test and impurity test, respectively. It was found that the peak areas 
were linearly related to the concentration over the given ranges in both cases. Least-squares regression 
analysis and statistical evaluation in Table IV showed excellent linear behavior for assay and impurity 
test, as all the correlation coefficients (R) are more than 0.99. 
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FIG. 1. Typical chromatograms of impurity test. CAPEO-0 and CAPEO-50 represent chloramphenicol 
eye ointment non-irradiated and irradiated at 50 kGy, EOB-50 represents eye ointment base 

(without active ingredient) irradiated at 50 kGy. 

 

3.3. Precision 

 
Precision of the isolation method was examined for assay test and impurity test, respectively. In 

the assay test, ointment samples including CAPEO-0, EOB+CAP-0, and CAPEO-50 were respectively 
isolated and analysed with six replicates. The relative standard deviation (RSD) of the final analysis 
results (Fig. 2), including the errors of the isolation and the HPLC procedures, fell well into the 95% 
confidence interval of the RSD of the HPLC determination alone (0.59 - 2.3), which were measured 
using chloramphenicol reference solution (excluding isolation procedure). The results indicated that 
experimental errors from the isolation procedure were within that from HPLC procedure, confirming 
the validity of sample preparation for assay test. 

 
For impurity test, precision was determined by the sample (EOB+CAP-50) that was prepared by 

spiking CAP-50 into eye ointment base (EOB). Similarly, the RSD of EOB+CAP-50 included the 
errors of both the isolation and the HPLC procedures, while the RSD of CAP-50, going though only 
HPLC analysis, represented the precision of the HPLC analysis procedure only. Table V showed that 
although RSD of each analyte was different between CAP-50 and EOB+CAP-50, values of Fcal, the 
experimental values of F-test between the two groups, were all less than the critical value of F0.05, 5, 
5=5.05. It suggested that the differences of precision between the two groups were negligible and that 
the isolation procedure did not contribute significantly to the experimental errors. Therefore, the 
precision of isolation method for impurity test was, at least, within that of the HPLC analysis. 
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TABLE IV. LINEARITY OF ASSAY AND IMPURITY TEST (N = 4) 

No. Trendline Equationa R2 Slope RSD (%) 
1 y = 29 x 0.991 2.04 
2 y = 225 x 0.997 0.40 
3 y = 94 x 0.993 0.70 
4 y = 129 x 0.993 0.76 
5 y = 73 x 0.997 0.75 
6 y = 14 x 0.994 4.37 
7 y = 17 x 0.991 3.37 
Assay y = 1298 x 0.9993 0.70 

a: set intercept = 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2. Precision of assay test described by relative standard deviation (RSD). CAPEO-0 and CAPEO-
50 represented chloramphenicol eye ointment non-irradiated and irradiated at 50 kGy, 

BOE+CAP-0 represented eye ointment base spiked with non-irradiated chloramphenicol 
powder. 

TABLE V. PRECISION AND RECOVERY OF THE IMPURITY TEST (N = 6) 

No. RTa  CAP-50 EOB + CAP-50 F test Recovery t test 
 min  Responseb SD RSD% Responseb SD RSD% Fcal % tcal 
1 3.1  25452 396 1.56 25880 610 2.36 2.37 101.7 1.44 
2 7.2  16203 303 1.87 16404 149 0.91 4.15 101.2 1.46 
3 13.2  8348 131 1.57 8385 96 1.14 1.85 100.4 1.57 
4 14.1  25630 492 1.92 25162 286 1.14 2.95 98.2 2.02 
5 15.2  7279 148 2.03 7345 106 1.44 1.93 100.9 0.89 
6 17.2  3277 55 1.68 3256 67 2.06 1.52 99.4 0.60 
7 23.0  1929 103 5.34 1956 65 3.32 2.50 101.4 0.54 

a Retention Time; b Mean response of the impurity peaks from six replicates 
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3.4. Accuracy 

 
For assay test, the accuracy of the method was evaluated by recovery and t-test from six 

replicates of spiked samples (EOB+CAP-0) at target concentration (Table VI). The recovery of CAP 
from spiked sample was 99.2%. Furthermore, the experiment value of t-test (tcal) between CAP-0 and 
EOB+CAP-0 was 1.21, less than the critical value of t0.05/2, 10 =2.23, indicating that there were no 
differences of analytical accuracy between EOB+CAP-0 and CAP-0 by the present method. 

TABLE VI. RECOVERY OF THE ASSAY TEST (N = 6) 

Method CAP-0 EOB + CAP-0 Recovery  t test 
 Responsea  SD RSD% Responsea SD RSD% %  tcal 
Present 342698 4412 1.29 340101 2839 0.83 99.2  1.21 
USP 344870 3876 1.12 313394 3949 1.26 90.9  13.93 

a: response of chloramphenicol from six replicates  
 
In contrast, the recovery was 90.9% and tcal equaled 13.9 by the method of USP (Table VI), 

which was far greater than the critical value. The USP method certainly gave different measured 
contents of CAP between CAP-0 solution and the spiked sample solution. It significantly undervalued 
the measured CAP content in the eye ointment, possibly due to the presence of white precipitates. 
However, proper analysis resulted by the USP method from different calibration curves could not be 
ruled out. 

 
The results of t-test and recovery in Table V demonstrated that the current method was also 

accurate for impurity test. The t-test was performed to measure the closeness of analytical agreement 
between CAP-50 (going through only the HPLC procedure) and spiking sample EOB+CAP-50 (going 
through both the isolation and the HPLC procedures). Every experimental value of t-test (tcal) was 
less than critical value t0.05/2, 10 = 2.23, indicating that there were no significant differences in the 
measured impurity contents between the two groups. Thus, each impurity was isolated and analysed 
accurately. 

3.5. Characterization of the Isolation Process 

 
Necessity and Validation of Heating 
 
It was found that some components of the eye ointment base could not be fully dissolved in both 

hydrophilic and hydrophobic solvents without heating. The insoluble residues left in the final solution 
not only needed to be filtered, but might also cause residue encapsulation or adsorption of the target 
compounds, which resulted in poor recoveries. Heating the n-hexane suspension at 45 °C made the 
residues easily dissolved, and improved the recoveries successfully (Fig. 3). 

 
However, heating treatment rose immediately the question whether or not chloramphenicol was 

still stable, as it was subject to both thermal and photochemical degradation. In order to check the 
validation of this treatment, the spiked samples (EOB+CAP-0) were dissolved in 10 mL n-hexane, and 
heated in water bath at 45°C for different time intervals, then following the same sample preparation 
procedures. 
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FIG. 3. Necessity of heating during sample preparation. The sample was treated with heating in 45 °C 
water bath and without heating at room temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. Evaluation of thermal stability of CAP at 45 °C 

 
Fig. 4 showed that no new compound was formed even after 7 h of heating treatment, and 

quantities of the original CAP and impurities had no visible variation as well. It could be concluded 
that chloramphenicol kept its thermal stability at 45°C, and the present heating treatment was valid. 
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Precipitates during Sample Preparation in USP 
 
Methanol extraction was employed to extract CAP for assay test in USP. Severe white 

precipitates were formed in the final solution when the sample was suspended to the mobile phase of 
HPLC. To identify the precipitates, eye ointment base was dissolved and extracted according to the 
sample preparation procedures of USP. The extract solution was analysed by gas chromatography. 

 
Fig. 5 showed that the extract solution included mainly 1-dodecanol, 1-tetracanol, 1-

hexadecanol and 1-octadecanol (identification of the other smaller peaks will be reported in Chapter 
6). Those compounds were extracted together with CAP and its radiolytic degradation products by the 
USP method, as they were soluble in methanol. However, they were insoluble in the mobile phase of 
HPLC for assay test of USP (the mixture solution of water, methanol and glacial acid), and presented 
as white precipitate. The mixture of 1-hexadecanol and 1-octadecanol was the well-known ingredient 
of eye ointment base and functioned as emollient and emulsifying. In the present isolation method, 
these compounds were soluble in n-hexane and thus were extracted into hydrophobic part. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 5. Gas chromatogram of the methanol extracts of petrolatum eye ointment base. 

 
Determination of Irradiated CAP 
 
According to the report by Hangay et al., irradiated CAP did not show measurable changes 

either in pure powder state or in eye ointment after irradiation of 50 kGy dose. The present result, 
determined by HPLC, showed in contrast that CAP in eye ointment degraded significantly after 
irradiation (Fig. 1). It was noted that UV-spectroscopy method was employed by Hangay et al., and 
the radiolytic degradation products were not identified in their studies. The influence of impurities on 
the assay test results was therefore, not clarified. 

 
The three dimensional chromatogram (Fig. 6) from HPLC diode array detector in the present 

study illustrated that impurities from CAPEO-50 also contributed to the UV absorbance almost at the 
same wavelength of maximum absorbance of CAP. Positive experimental errors were thus 
unavoidable. The argument was further demonstrated when the assay test results were compared. The 
UV-spectroscopy method according to BP gave a positive error compared to that of the HPLC method 
in Table VII. Therefore, the UV-spectroscopy method was unsuitable for assay determination of 
irradiated chloramphenicol products. 
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TABLE VII. ASSAY TESTS OF CAPEO-50 WITH DIFFERENT METHODS (N = 6), CAPEO-0 
WAS SET AS 100%. 

Sample  HPLC method  UV-spectroscopea 
  RSD (%) Content (%)  RSD (%) Content (%) 
CAPEO-0  1.06 100  0.98 100 
CAPEO-50  1.21 88.9  0.95 94.9 

a: according to the method of the British Pharmacopoeia for assay test (at 278 nm) 
 
 

 

FIG. 6. Three dimensional HPLC chromatogram of chloramphenicol and impurities by diode array 
detector. 

4. CONCLUSION 

 
The present methods of isolation and determination of assay and impurity in CAP eye ointment 

were accurate, precise and reliable, and keeping the sample solution at 45°C during sample preparation 
was key to ensure a satisfactory isolation. It described for the first time a method to determine 
impurities in irradiated eye ointment products of chloramphenicol. In addition to simplified 
manipulation and low solvent consumption, the method isolated CAP and the impurities as dry 
residues, which ensured more flexibility for further determination. 

 
The sample preparation methods of USP and BP were certainly not suitable for impurity 

determination of CAP eye ointment products, due to unsure exhausted extraction and the lean 
concentration in the resulting solution. Furthermore, methanol extraction of ointment products by USP 
was involved in problems with precipitates, which encapsulated the target compounds and undermined 
experimental results. The UV spectroscopy method in BP certainly was not able to exclude the 
absorbance contributions from the CAP degradation products, which resulted in positive errors in the 
assay test of irradiated chloramphenicol eye ointment products. HPLC was clearly a better choice for 
the determination of assay and impurities of irradiated chloramphenicol eye ointment. 

Chloramphenicol 
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Abstract 
The radiolysis products of chloramphenicol under γ-radiation sterilization were investigated 

systematically in the present study. Eight main radiolysis products were identified and quantified by HPLC-MS 
and HPLC-DAD, including two compounds that have never been reported. The minor radiolysis products were 
quantified, which shows that they are at the concentration levels below the threshold for identification. Carbon-
carbon rupture reaction and oxidation reaction were proposed as the main radiolysis reactions of 
chloramphenicol powder. The applicability of γ-sterilization for chloramphenicol products was quantitatively 
evaluated with qualitative and quantitative data and the data were compared to the threshold requirements of 
international regulations for identification. It was concluded that toxicities of the radiolysis products of 
chloramphenicol produced by γ-radiation sterilization can be neglected, the radiolysis products are safe for 
human health from chemical view. 

 

1. INTRODUCTION 

 
Generally, chloramphenicol (CAP) is chemically stable in solid dosage forms, is subjected to 

thermal and photochemical degradations. CAP in dry state is more stable on γ-irradiation than in 
aqueous media. Fleurette et al. reported no loss in antimicrobial activity of CAP powder at irradiation 
dosage of 50 kGy. Although changes could be observed in physical properties like discolouration, 
crystallinity and solubility, CAP in solid dry powder form can be radiation sterilized using Co-60 or 
electron beam at lower radiation dose of 15 kGy, at which insignificant effects have been observed 
and high chemical purity of irradiated CAP was retained at sterilization dose of 15 kGy. 

 
It is therefore of both scientific and industrial interest to explore the chemical changes of 

chloramphenicol at the reference dose of 25 kGy. A feasibility study is required to ensure that the 
radiation treatment will not change chloramphenicol to become unsafe or unsuitable for medical use. 
Irradiated CAP should not be consider as a new drug, if its physicochemical integrity is established 
using sensitive analytical techniques by experts in the field. To fulfill this requirement, the radiolytic 
products, if any, have to be identified and the toxicity of those degradation products has to be 
evaluated. Furthermore, the mechanisms of these reactions are interesting to be explored in order to 
find possible ways to eliminate irradiation degradation. 

 
Previous investigations only gave fragmentary information of the radiation degradation products 

of chloramphenicol, and there is no report on simultaneously qualitative and quantitative data. Altorfer 
reported that there were at least five radiolysis products of chloramphenicol in solid substance and 
eleven products in 1% aqueous solution in 1974, and separated the main radiolysis products of 
irradiated chloramphenicol using the HPLC method in 1997, but without giving identification data. 
Varshney and Patel irradiated CAP using Co-60 radiation and electron beam at graded radiation doses 
up to 100 kGy and identified the four degradation products: 4-nitro-benzaldehyde, 4-nitro-benzoic 
acid, 4-nitrosobenzoic acid and HCl. 

 
Zeegers et al. distinguished 15 radiolysis products of irradiated chloramphenicol using GC-MS 

and semi-preparative HPLC, but provided no quantitative data. Their GC-MS methods involve 
derivation techniques, which make it difficult to continue to perform quantitative analysis. In addition, 
their HPLC method separated only nine impurities and showed no identification data as well. 
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The consensus is that both qualitative and quantitative data of radiolysis products are essential 
for assessing the feasibility of gamma sterilization for pharmaceutical products, even for such a highly 
radiation-resistant substance as chloramphenicol. Although it was reported that photochemical 
degradation of chloramphenicol involved oxidation, reduction and condensation reactions, no report 
involved radiolysis pathway of chloramphenicol. 

 
The aim of the present study is therefore, to systematically identify and quantify the radiolytic 

degradation products of irradiated chloramphenicol and to achieve qualitative and quantitative analysis 
simultaneously for radiolysis products of chloramphenicol. By the knowledge of the identification and 
quantification, the degradation pathway can be elucidated. This work enables the qualitative 
evaluation of the chemical toxicity of chloramphenicol radiolysis products and gives integrated 
scientific proofs of the feasibility of gamma sterilization for chloramphenicol products. 

 

2. EXPERIMENTAL 

2.1. Sample Preparation 

 
Chloramphenicol powder sample was offered by CIBA Vision Ltd. (Switzerland). The powder 

was packed in conical glass bottles and irradiated by 60Co with 25 kGy (CAP-25) and 50 kGy (CAP-
50), respectively, in a radiation sterilization plant of Studer AG (Switzerland). CAP-0 represents non-
irradiated CAP powder. 

2.2. HPLC-DAD 

 
The HPLC experiments were carried out using a Merck Hitachi La Chrom liquid chromatograph 

equipped with a L-7100 pump, a L-7450 diode array detector (DAD), a L-7200 automatic injector, and 
a D-7000 interface; and managed by a Merck-Hitachi Model D-7000 Chromatography Data System. 
About 10 mg of accurately weighed CAP sample was dissolved in a sample tube containing 2.0 mL 
mobile phase, and 20 µL was injected. 

 
A 250 × 4 mm I.D. column packed with LiChrospher 60 RP select B (particle size 5 µm, Merck) 

was used for the analysis. The mobile phase was a gradient of 20 mM phosphate buffer (pH 2.5) and 
acetonitrile (described in Table I) at a flow rate of 1.00 mL⋅min-1. Chromatograms were recorded at 
278 nm, and UV spectra were recorded in the range of 200-450 nm. 

TABLE I. MOBILE PHASE USED IN HPLC AND HPLC-MS ANALYSIS. 

HPLC method, time (min) Buffer (%) MeCN (%) 
0  80 20 
20  50 50 
30  30 70 
HPLC-MSD method H2O (%) MeCN (%) 
0  80 20 
40  30 70 

 

2.3. HPLC-MSD 

The HPLC experiments were carried out on a Waters liquid chromatograph equipped with a 
quaternary Waters 626 LC pump, a Waters 600S controller with Millennium chromatography manager 
2010, and a Rheodyne manual injector 7725i. A Waters symmetry C18 column (3.5 µm, 2.1 x150 
mm) was used. The mobile phase was a MeCN/H2O gradient (Table I) at a flow rate of 200 µL⋅min-1. 
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ESI-MS:  
Triple stage quadruple instrument (Finnegan TSQ 700) was equipped with a combined 

Finnegan Atmospheric Pressure Ion (API) source, and a quadruple ion trap instrument (Esquire-LC, 
Bruker-Franzen Analytik GmbH) was equipped with a combined Hewlett-Packard API source. 

 
Finnigan TSQ 700: 
The capillary was held at 200°C, sheath gas pressure at 40psi. Argon was used as the collision 

gas for MS-MS experiments at a pressure of 1.8 to 2.5mTorr. The collision voltage varied between -9 
and -35eV. 

 
Bruker Esquire-LC: 
Drying gas at 250°C and 3.8 L⋅min-1, nebulizing gas at 21psi, capillary voltage at 4300V, end 

plate at 3800V, capillary exit at 75V, and Skimmer 1 at 25V. For MS-MS spectra the fragmentation 
amplitude was varied between 0.5 and 1.1 V. 

2.4. Headspace-GC-MS 

 
Headspace-GC-MS analysis was carried out on an instrument of Varian 3400cx Saturn 4D/GC-

MS-MS equipped with a headspace autosampler according our former work. A column of Rtx®-624 
(30m×0.32 I.D., 1.8 µm) was used for analysis on the conditions: 45°C (hold 5 min) to 95°C at 2°C⋅min-

1 (hold 25 min), Helium carrier gas (5.0 grade), and flow rate 1.1 mL⋅min-1. 
 
Mass spectra were obtained at electron impact of 70eV and chemical ionization (with methane 

as reagent gas) at 15eV; chromatograms were recorded by monitoring the total ion current in the range 
of 30-400u., transfer line and ion trap manifold were maintained at 220°C and 170°C, respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Identification of the degradation products and degradation pathway 

 
Fig. 1 shows a typical HPLC chromatogram of the impurity profile of irradiated 

chloramphenicol powder. By comparing the chromatograms of non-irradiated (CAP-0) and irradiated 
(CAP-50) chloramphenicol samples, it was clear that degradation occurred during gamma processing. 

 
By comparing the HPLC chromatograms, UV and MS spectra with those of reference 

compounds, peak 1 was assigned to 2-amino-1-(4-nitrophenyl)-1,3-propanediol, a hydrolysis product 
of the amide group of chloramphenicol (a typical reaction in the photochemical degradation of CAP). 
Peaks 4 and 6 were assigned to 4-nitrobenzoic acid and 4-nitrobenzaldehyde, respectively. Peak 6 
gives a lower response factor in the current method because of the peak distort, and this makes it 
difficult to judge the absence of peak 6 using the current HPLC-DAD method. The identification and 
quantitative determination of peaks 4 and 6 in irradiated chloramphenicol were confirmed using thin 
layer chromatographic method. 

 
Peaks 2-3, 5, 7 and 8 were identified using HPLC-MSD analysis and assisted by HPLC-DAD 

absorption spectra (Fig. 2). In mass spectra, the isotope pattern provided information on the numbers 
of chlorine in the target compounds, and the species of [M-H2O]+ evidenced the presence of at least 
one hydroxyl group. Molecular weights were calculated using the corresponding [M+H]+ species. As 
an example, MS spectrum of peak 5 was characterized by the [M-H2O]+ peak at m/z 275 (100%) and 
the [M+H]+ peak at m/z 293 (40%). The information for each compound is summarized in Table II. By 
both the molecular structure of chloramphenicol and MS results, the chemical structures of the above 
radiolysis products are determined and listed in Table III. 
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FIG. 1. Determination of degradation profiles of γ irradiated chloramphenicol (CAP-50) and non-
irradiated chloramphenicol (CAP-0) by HPLC-DAD at 278 nm.  

Peak identification:  
 

• 1 = 2-amino -1-(4-nitrophenyl)-1,3-propanediol,  
• 2 = 2-formamide-1-(4-nitrophenyl)-1,3-propanediol, 
• 3 = 2-(2-chloroacetamide)-1-(4-nitrophenyl)-1,3-propanediol,  
• 4 = 4-nitrobenzoic acid,  
• 5 = 2-(2,2-dichloroacetamide)-1-(4-nitrophenyl)-1-ethanol,  
• 6 = 4-nitrobenzaldehyde,  
• 7 = 2-(2,2-dichloroacetamide)-3-hydroxy-4-nitropropiophenone,  
• 8 = 2-(2,2-dichloroacetamide)-4-nitro-acetophenone, and U1-8 = unknown. 

 

TABLE II. MASS FRAGMENT INFORMATION FROM HPLC-MSD ANALYSIS. 

No. tR (HPLC) MW a Fragmentation information m/z, 100% References 
CAP 11.36 322 [M-H2O]+, 2 Cl [M+H]+  
1 3.29 212 [M-H2O]+, without Cl [M+H]+ [7, 8] 
2 4.75 240 [M-H2O]+, without Cl [M+H]+ New finding 
3 7.89 288 [M-H2O]+, 1 Cl [M+H]+ [6] 
4 12.39 - - - [5, 6]. 
5 14.09 292 [M-H2O]+, 2 Cl [M-H2O]+ [6] 
6 14.59 - - - [5, 6] 
7 14.95 320 [M-H2O]+, 2 Cl [M+H]+ New finding 
8 18.14 290 2 Cl, without [M-H2O]+ [M+H]+ [6] 

a molecular weight 
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FIG. 2. HPLC-MS and HPLC-UV spectra of peaks 2, 3, 5, 7, and 8. 
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TABLE III. STRUCTURE AND MEASURED UV λMAX (MAXIMUM ABSORPTION) OF THE 
RADIOLYSIS DEGRADATION PRODUCTS IN IRRADIATED CHLORAMPHENICOL. 

No. λmax, nm Compound Structure  No λmax, nm Compound Structure 
CAP a 278.2 

CH CH
OH

CH2
NH

OH

C
O

CH
Cl

Cl

O2N
 5 273.3 

CH CH2

OH

NH C
O

CH
Cl

Cl
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CH CH
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C CH2

O
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O

CH
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4 a 264.5 

C OH
O

O2N
 

    

a: reference compound 
 
Wavelengths of the absorbance maximum of each radiolysis product (λmax) in the present 

HPLC mobile phase, a mixture of acetonitrile and 20 mM phosphate buffer (pH 2.5), are listed in 
Table III. Chloramphenicol and 4-nitrobenzaldehyde were used as references for the molecular 
structure comparison. It was found that UV spectra of the identified radiolysis products perfectly 
overlapped with those of relevant reference compounds (Fig. 2). UV spectra of peaks 2 and 3 showed 
the typical shape of the chloramphenicol UV spectrum (λmax 278.2 nm), evidencing that peaks 2 and 
3 have a molecular structure similar to chloramphenicol. The UV spectra of peaks 7 and 8 coincided 
with the UV spectrum of 4-nitrobenzaldehyde (λmax 266.6 nm), verifying the presence of a carbonyl 
group in peaks 7 and 8. The nitrobenzene ring conjugating with the carbonyl group gives a shorter 
wavelength of UV absorbance (λmax 266.6 nm) than without conjugation (λmax 278.2 nm), as in the 
case of chloramphenicol. 

 
The presence of the compounds of peaks 3, 5, and 7 in the radiolysis products of 

chloramphenicol have been reported by Zeegers et al. using different identification methods, however, 
the quantification data were not available. Peaks 2 and 8 as the radiolysis products of chloramphenicol 
are new findings in the current investigation. 

 
Fig. 3 shows that 2-formamide-1-(4-nitrophenyl)-1,3-propanediol (peak 2) was formed through 

carbon-carbon rupture and by eliminating the dichloromethyl group. Headspace-GC-MS analysis 
showed that dichloromethane was detected in the irradiated chloramphenicol sample, while it was not 
present in the original sample. The concentration of dichloromethane was relevant to that of peak 2 in 
the irradiated CAP sample. This strongly suggests the formation pathway of 2-formamide-1-(4-
nitrophenyl)-1,3-propanediol (peak 2). Similarly, 2-(2-chloroacetamido)-1-(4-nitrophenyl)-1,3-
propanediol (peak 3) forms through rupture of carbon-chlorine bond, or replacement of chlorine atom. 
2-(2,2-dichloroacetamido)-1-(4-nitrophenyl)-1-ethanol (peak 5) involves carbon-carbon bond rupture, 
and 2-amino-1-(4-nitrophenyl)-1,3-propanediol (peak 1) involves nitrogen-carbon bond rupture. 
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FIG. 3. Chromatograms of volatile radiolysis products by headspace-GC-MS. 

 
The presence of moisture also causes unavoidably the formation of radical oxidants iOH, 

HO2i and peroxide in chloramphenicol powder due to water molecule radiolysis during the gamma 
processing. These radical oxidants result in oxidation reaction of chloramphenicol. The identification 
result shows that the oxidation reaction occurs and hydroxyl group is oxidized to a carbonyl group as 
shown in Fig. 3. 

 
2-(2,2-dichloroacetamido)-3-hydroxy-4-nitropropiophenone (peak 7) is the oxidation product of 

the hydroxyl group of chloramphenicol, and 2-(2,2-dichloroacetamido)-4-nitro-acetophenone (peak 8) 
is resulted from combination of an oxidation and carbon-carbon rupture. It is observed that the 
concentration of peak 8 is relatively lower than that of peak 7 (Fig. 1). This observation supports the 
conclusion that peak 8 is the product of two step reactions (carbon-carbon rupture then oxidation, or 
vice versa), while peak 7 is a one step reaction product. In addition, peaks 4 and 6, 4-nitrobenzoic acid 
and 4-nitrobenzaldehyde could be also the products of two step reactions (carbon-carbon rupture then 
oxidation, or vice versa) from chloramphenicol and all of the other radiolysis products. 

3.2. Evaluation of the radiolysis products 

 
In order to confirm that, as appropriate, γ-sterilization does not result in unacceptable radiolysis 

products in the irradiated chloramphenicol, toxicity of the radiolysis products must be estimated. Table 
III shows that molecular structures of those degradation products resemble chloramphenicol. 
Chloramphenicol contains a nitrobenzene ring, an amide bond, and an alcohol function. The presence 
of chloride in biologically produced organic molecules is unusual. Nitrobenzene is the main function 
group of chloramphenicol and the nitrobenzene is relevant because it leads to the formation of 
aromatic amines that may be carcinogenic. The hydrolysis of amide leads to inactivation. The alcohol 
serves as a functional group facilitating the formation of esters that improve chloramphenicol’s water 
solubility. 
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Health hazard data showed that 4-nitrobenzoic acid and 4-nitrobenzaldehyde were safe for 
human health at such trace levels. Accordingly, it could be proposed that the molecular structures of 
these radiolysis products in Table III contain no toxic function groups, and it could be expected that 
the toxicities of those identified radiolysis products were similar with that of chloramphenicol. 
Cytotoxic tests performed before show that no toxic effects induced by irradiated chloramphenicol 
were measured. This strongly supports this conclusion. 

 
It is noted that in irradiated chloramphenicol sample there are still some minor impurities 

(labeled with U1-U8) that have not yet been identified (Fig. 1). Further efforts to identify those 
impurities were difficult to assign with confidence due to their low concentration. According to the 
requirements of EMEA, degradation products should be identified or reported when present at levels 
greater than (>) the required thresholds, which depend on the maximum daily dose. Since the 
maximum daily dose of chloramphenicol is 3.0g, accordingly, the threshold for identification of its 
degradation products is 0.1%, and for reporting is 0.05%. 

 
Quantitative analysis of the impurities in irradiated chloramphenicol was carried out in order to 

clarify the necessity to further identification. Non-irradiated chloramphenicol was used to prepare the 
calibration curves. The results are summarized in Table IV. It shows that at irradiation dose of 25 kGy, 
all of the unidentified impurities are present at levels of not more than (≤) the threshold, but peak U6. 
However, by comparing the impurity profiles in Fig. 1, it is noted that peak U6 is not a radiolysis 
product, but original impurity in the drug substance. The concentration of peak U6 was not augmented 
after γ-irradiation. 

TABLE IV. QUANTITATIVE ANALYSIS OF IMPURITIES IN THE IRRADIATED AND NON-
IRRADIATED CHLORAMPHENICOL.  

Peak Identified Peaks, % (w/w)  Peak Unidentified Peaks, % (w/w)a 
No. CAP-0 CAP-25 CAP-50  No. CAP-0 CAP-25 CAP-50 
1 0.023 0.080 0.155  U1 - 0.017 0.033 
2 0.0002 0.061 0.106  U2 - 0.032 0.056 
3 - 0.098 0.186  U3 - 0.024 0.041 
4 - 0.046 0.085  U4 0.003 0.009 0.018 
5 - 0.058 0.121  U5 0.005 0.029 0.054 
6 - - -  U6 0.100 0.084 0.082 
7 - 0.166 0.322  U7 0.020 0.015 0.021 
8 - 0.015 0.027  U8 0.013 0.019 0.025 

a: weight/weight, pure non-irradiated chloramphenicol was used as a reference to prepare calibration 
curve for the quantitative determination of radiolysis products because the references of these radiolysis products 
are unavailable. 

 
Peak U8 was also present in the non-irradiated chloramphenicol samples as impurity. Unlike 

peak U6, the concentration of peak U8 increased slightly after γ-irradiation, but was still below the 
threshold after γ irradiation at 25 kGy. No further identification is therefore, necessary. It is clear that 
concentrations of all the unidentified radiolysis products are not greater than the thresholds of 
identification and reporting. Their influences on the quality of irradiated CAP can be neglected. 

 
Chloramphenicol contains a nitrobenzene ring, an amide bond, and an alcohol function group. 

Reduction of the nitrobenzene ring could lead to the formation of aromatic amines, which may be 
carcinogenic. To further examine the possible formation of aromatic amines in the degradation 
products, 4-aminobenzoic acid, 4-aminobenzaldehyde, and 4-aminophenol were spiked into the 
irradiated chloramphenicol and examined by HPLC-DAD. Retention times of the three compounds 
were carefully compared with those of all radiolysis products, respectively. UV spectra and peak 
purity check were carried out as well. Signs of the existence of these aromatic amines in the radiolysis 
products were not evidenced.  

 



  97 

UV spectra of the three compounds were also compared with all the radiolysis products that had 
different retention time from the three, and no coincidence was found. This suggests that presence of 
similar aromatic amines in irradiated chloramphenicol samples were unlikely. 

 

4. CONCLUSION 

 
The present work makes it possible to evaluate the radiolysis of chloramphenicol products 

simultaneously with qualitative and quantitative data. Accordingly, it was found that none of major 
radiolysis products in irradiated chloramphenicol may be unacceptable and threatens the product 
safety, as required by The European Agency for the Evaluation of Medicinal Products (EMEA). 
Quantitative analysis also shows that all the unidentified radiolysis products are present at levels not 
more than (≤) the thresholds of identification and reporting as required by EMEA. In conclusion, the 
gamma radiation treatment does not cause chloramphenicol to become risky or unsuitable for medical 
use. 
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Abstract 
The effects of γ radiation sterilization on chloramphenicol, in both pure powder state and petrolatum eye 

ointment, were investigated with high performance liquid chromatography. The content of chloramphenicol 
decreases by 1.0% in powder state and by 1.2% in eye ointment at the reference radiation dose of 25 kGy. The 
profile of chloramphenicol radiolysis products in powder state differs from that in eye ointment. It was found 
that microenvironment of chloramphenicol molecule is a key factor governing the radiolysis of chloramphenicol 
in powder state. Solvent residues in chloramphenicol powder could change the radiolysis behavior of 
chloramphenicol. The solvents, having good solubility for chloramphenicol, promote radiolytic hydrolysis of 
chloramphenicol, but the converses do not. Inert gas purging or diffusion by exposing in absorbent is efficient 
method to prevent chloramphenicol powder from radiolysis. The influence of the presence of oxygen was 
explored. Oxygen plays a role of scavenger and diminishes radiolysis of chloramphenicol. It was found that N-
actyl-L-cysteine can protection chloramphenicol in eye ointment from radiolysis. Hydrophobic radiolysis 
products of chloramphenicol were observed in eye ointment part. Using scavengers and lower irradiation can be 
strategies to resist radiolyses of chloramphenicol in petrolatum eye ointment. 

 

1. INTRODUCTION 

 
Due to the poor thermal stability, D-(threo)-chloramphenicol (CAP) powder has currently to be 

sterilized by the ethylene oxide method, and CAP eye ointment (CAPEO) is manufactured under 
aseptic conditions. However, the ethylene oxide method is involved in the problems of toxic residues, 
and aseptic process is involved in possibility of second contamination as well as high cast of invest 
and maintenance. Accordingly, there are great scientific and industrial interests to convert the current 
sterilization methods to γ processing. The key factor for a successful γ sterilization is to ensure that the 
radiation treatment does not cause the degradation and the formation of toxic compounds in the target 
products. 

 
The existing reports about gamma sterilization on CAP powder are rather fragmental and 

conflicting. In the 60s-70s, three groups of researchers reported that powder CAP did not decompose 
when exposed at irradiation doses of 25, 50, and 100 kGy. Schulte and Henke found a decomposition 
of 1.5% CAP at 60 kGy. Diding et al. concluded that after 25 kGy irradiation from either a 60Co source 
or a linear electron accelerator, CAP did not meet some of the Nordic Pharmacopoeia quality 
requirements. Altorfer estimated decomposition at these doses at up to 1-2%. Varshney et al. 
concluded that CAP in dry powder form can be sterilized by 60Co or electron beam at 15 kGy. 
However, it was reported that changes could be observed in physical properties like discolouration, 
crystallinity and solubility at sterilization dose of 15 kGy. The colour change decreased in different 
atmospheres, in the order air < N2 < N2O <H2. 

 
The previous investigation concluded that there are no universal testing protocols that would be 

applied to all pharmaceuticals, but rather each compound should be considered individually. 
Therefore, the stability of CAP in eye ointment may be different from that of CAP in powder state 
during gamma irradiation. Among the numerous references to gamma sterilization, there are relatively 
few studies concerning ointment. Hangay et al. reported in 1967 that hydrocortisone eye ointment 
containing two active ingredients (hydrocortisone acetate and CAP) was suited for radiation 
sterilization and the quantitative determinations and assays of the two active ingredients did not show 
changes either as the pure substance or in the ointment.  
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The unpublished data from Gopal in 1978 claimed that gamma irradiation at 25 kGy causes 
principally the formation of p-nitro-benzaldehyde (I) and p-nitro-benzoic acid (II) and a few other 
unknown species as revealed by TLC and HPLC. The content of I and II is about 0.06% each at 25 
kGy and increases to 0.12% at 60 kGy. Furthermore, CAP eye ointment had been approved by 
regulatory authorities for radiation sterilization and decontamination in UK, Norway and India. 
Nevertheless, no reports released the details of performing gamma sterilization on CAP eye ointment 
and chemically validated irradiation dosage. The radiolysis degradation products of CAP in eye 
ointment had never been examined. The factors governing CAP radiolysis and methods protecting 
CAP from radiolysis had rarely explored. 

 
The aims of present work are 1) to clarify the radiolysis degree of CAP both in powder state and 

eye ointment state, 2) to examine the radiolysis products of CAP in eye ointment, and 3) to explore 
protection techniques for eliminating possible radiolysis. 

 

2. EXPERIMENTAL 

Experimental conditions of assay test, impurity analysis, sample preparation and headspace 
analysis were described in references. 

 

3. RESULTS AND DISCUSSION 

3.1. Assay test 

 
The effect of γ-irradiation on the CAP content was determined by HPLC (Fig. 1), which shows 

that γ-irradiation treatment induces CAP degradation both in eye ointment and in powder state. 
Although the degree of degradation in both cases is proportional to the radiation dose, the degree in 
powder state increases high linearly with irradiation dosage (the correlation coefficient is 0.9997), 
while the degree shows nonlinear relationship with the dosage in the case of CAP eye ointment. Thus, 
differences of degradation degree between CAP and CAPEO at 25 kGy and below are negligible, and 
CAP content in CAPEO decreased much more significantly than that in powder state at 50 kGy. This 
indicates that the oily ointment matrix plays a role in the γ induced degradation and CAP molecule 
may undergo deferent degradation pathways in powder state and eye ointment during γ processing. 

 
At the standard dose of 25 kGy, CAP degraded by more than 1% both in powder and in eye 

ointment states. Although it was reported that radiolytical degradation of CAP did not affect its 
biological activity, the degradation fragments are not always harmless and may influence the 
secondary effects by increasing toxic or immunologic side effects. Therefore, a loss of more than 1% 
of the active principle is not acceptable without knowing the toxicity of the radiolytic products and the 
degradation products must be explored. In addition, it is also of great interesting to further explore the 
difference with impurity test in order to well understand degradation pathway and to find possible 
ways to eliminate the irradiation degradation. 

 
Typical HPLC chromatograms of impurity profiles of CAP powder and CAP eye ointment are 

shown in Fig. 2, in which the radiolysis products in CAP powder were assigned according to our 
previous work. The previous work concluded that none of radiolysis products in irradiated CAP 
powder may be unacceptable and threatens the product safety. By comparing the impurity profile of 
irradiated CAP powder and irradiation CAP eye ointment, it is noted that peak 1 is a radiolysis product 
in CAP powder but a trace original impurity in CAPEO. Peak 1, assigned as 2-amino-1-(4-
nitrophenyl)-1,3-propanediol, is a typical hydrolysis product of CAP in thermal and photochemical 
processing. 
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FIG. 1. Effect of γ-irradiation on chloramphenicol (CAP) content determined by HPLC assay test (n = 6 
at each point). 

The non-irradiated samples were set as 100% and the CAP eye ointment and CAP powder 
samples were packed respectively in conical glass flasks for irradiation. 

3.2. Impurity test 

 
It is also observed that the relative intensities of other radiolysis product peaks differs 

significantly between CAP powder and CAP eye ointment samples in Fig. 3. By means of 
simultaneously qualifying and quantifying determination, it was possible to quantitatively compare the 
influence of irradiation conditions (CAP status, matrices) on the degradation products (Table I). Peak 
1, the hydrolysis product, and Peak 2 almost disappeared, and the amounts of Peaks 4, 6, 7 and 9 were 
obviously reduced in CAPEO, while the amounts of radical reduction products Peaks 3 and 5 are 
higher in CAPEO than those in CAP powder.  
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This impurity test result also indicates that the petrolatum ointment base play a role during CAP 

molecular radiolysis and the amounts of the radiolysis products varies with the changes of CAP micro-
surrounding, especially, the radiolysis product of peak 1, which can be eliminated out by changing the 
surrounding of CAP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2. Comparison of the radiolysis products of chloramphenicol in powder and in eye ointment. 
irradiated at 50 kGy. CAP and CAPEO mean chloramphenicol powder and its eye ointment, 

respectively 

 

TABLE I. CHROMATOGRAPH PEAK AREAS OF THE RADIOLYSIS PRODUCTS OF 
CHLORAMPHENICOL IN POWDER AND IN EYE OINTMENT 

Reaction In CAP-25 a In CAPEO-25 b CAP-25/CAPEO-25 
Hydrolysis    
Peak 1 166565 2970 56.1 
Peak 2 29905 4099 7.2 
Molecular rupture    
Peak 3 76900 112112 0.68 
Peak 5 48894 67004 0.72 
Oxidation    
Peak 4 61564 47728 1.3 
Peak 6 8029 6982 1.2 
Peak 7 89054 52130 1.7 
Peak 9  14750 7032 2.1 

a, b: chloramphenicol powder and chloramphenicol eye ointment irradiated at 25 kGy, 
respectively 
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CAP molecules in CAPEO are likely to be surrounded by the ointment base, instead of the air 

surrounding conditions in the powder state. The compounds of Peaks 4, 6, 7 and 9 are radiolysis 
products from oxidation reaction, and Peaks 3 and 5 from CAP molecular rupture or reduction 
reaction. The data in Table III suggest that the elimination of the air atmosphere in CAPEO samples 
has certainly reduced the radiolytical hydrolysis and oxidation reactions, while air free condition in 
CAP powder reduces molecular rupture during γ-irradiation. 

 
As the well elucidation of the radiolysis behavior of water molecule and oxygen have been well 

elucidated, whenever moisture presence, the following ionization of water molecule could occur: 
 

H2O H2O

+

+   e

H2O +   e H OH+

H2O H2O+ H3O OH  
 

OH2 H2O2

OHH2O2H + H2O +

OH H2O2+ HO2H2O +  
 
In these reactions, oxidant species (HO•, H2O2, HO2•) are produced, they will unavoidably 

promote the formation of oxidation products during γ process. 
 
Oxygen may play double roles during γ process. It can produce oxidants, and adsorb the radicals 

as a proven electron scavenger, which can inhibit the formation of radiolysis products from molecular 
rupture during γ processing. The chemistry of oxygen during γ can be expressed as following: 

 
O2 + e + M O2 M+ (1)

O2 2O (2)*

O2 + O O3+ (3)O2*

O + 2O2 (4)O3  
 
In reaction (1), oxygen acts as scavenger of electron (M is a third body), and in reactions (2)-

(4), it acts as precursor of oxidants. However, the energy deposited by the gamma ray to a component 
of a mixture, to a first approximation, is proportional to the fraction of molecules of each compound. 
Oxygen concentration is much less than the CAP or the ointment, thus very little energy is deposited 
in the oxygen, and it is not a major source of oxidants. Its main effect will be as a radical scavenger. 
Reactions 2-4 are of no significance in this system.  

 
In the manufacture process, eye ointment base is pretreated at 120°C for two hours under 

vacuum for sterilization and homogenization. Then the base is blended with CAP powder immediately 
after cooling under vacuum. Thus the moisture amount in petrolatum eye ointment base is less than 
that in powder state although the presence of moisture is always unavoidable in eye ointment and CAP 
powder. The presence of oxygen molecules and moisture in the neighborhood of a CAP molecule is 
less possible in CAPEO than in CAP powder. Consequently, the amounts of rupture products of Peak 
3 and 5 in CAP powder are lower than those in CAPEO, while the amounts of oxidation products 
(peaks 4, 6, 7, 9) in CAP powder is higher than those in eye ointment system (as shown in Table I). 



  103 

 

3.3. Strategies against radiolysis of CAP powder 

 
Both assay test and impurity test results demonstrate that the microenvironment surrounding 

CAP molecules is a key factor for the CAP radiolysis and the amount of radiolysis products, especially 
the compound of peak1, depends on CAP microenvironment. This suggests a way to diminish the 
CAP radiolysis by changing the CAP microenvironment. Accordingly, CAP powder samples were 
pretreated by He and N2 purging for 48 hours, as well as by drying in exsiccator (containing silica gel) 
for 48 hours, respectively. All the pretreated samples were then irradiated and analysed at identical 
conditions for comparison. 

 
The results show that these pretreatment methods effectively reduce the radiolysis of CAP 

powder from 2.1% to ca. 0.8% at 50 kGy, and there is significant difference amongst helium purging, 
nitrogen purging, and drying in exsiccator (Table II). Impurity profiles show that peak 1, 2-amino-1-
(4-nitrophenyl)-1,3-propanediol, was dramatically eliminated by all the three the pretreatment, and the 
case of helium purging is given as an example in Fig. 3. Both the assay and impurity determinations 
demonstrate that purging and drying treatments are efficient methods to relieve CAP radiolysis in 
powder state. 

TABLE II. INFLUENCE OF INERT GASES PURGING AND DRYING IN EXSICCATOR ON 
CHLORAMPHENICOL CONTENT IN CAP POWDER AFTER γ IRRADIATION  

Treatment CAP content a, % RSD%, n = 3 
No pretreatment, 0 kGy 100 0.61 
No pretreatment, 50 kGy 97.9 0.88 
He purge, 48 hours, 50 kGy 99.1 0.50 
N2 purge, 48 hours; 50 kGy 99.2 0.69 
In silica gel exsiccator, 48 hours; 50 kGy 99.3 0.53 

a: results by HPLC assay test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3. Effect of helium purging on γ induced degradation of chloramphenicol powder.CAP and CAP-
He mean chloramphenicol powder and chloramphenicol powder purged by helium for 48 

hours, respectively 
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It is of interesting to find that presence of solvents, such as chloroform, toluene, 

dichloromethane, and benzene does not influence the radiolytical hydrolysis of CAP. In contrast, 
methanol, ethanol, isopropanol, acetonitrile and 1,4-dioxane strongly enhanced the formation of the 
hydrolysis product, Peak 1 (examples are shown in Fig. 4). It is noted that CAP is well dissoluble in 
the former solvent group, and has poor solubility in later group. The solubility of CAP in these 
solvents is summarized in Table III. 

 
Table III shows a clear relationship between solubility and the formation of Peak 1. It is also 

noted that the solvents with inducing function have are miscible with water, while those solvents 
without inducing function are nonmiscible with water. Although alcohols, dioxin and acetonitrile are 
the solvents with inducing function, their chemical natures are quite different from each other. It is 
unlikely to that the solvent molecule itself or its fragment directly attack the CAP during γ-irradiation. 
Further experiment shows that serious radiolytical hydrolysis will happen when the amount of spiked 
water reaches to 1%. A possible explanation could be that water molecule could be rather difficult to 
approach CAP molecule without a proper medium due to its poor solubility for CAP. The solvents 
with inducing function could play a medium role for the reactions between water and CAP. Thus, the 
solubility of residual solvents is one of important factors for the radiolysis of CAP. 

TABLE III. SOLUBILITY OF CHLORAMPHENICOL IN SOME SOLVENTS POSSIBLY 
EXISTED IN PHARMACEUTICALS 

Solvent Solubility, mg/mL, 28°C Peak 1 inducing 
Water 4.4 No 
Toluene 0.145 No 
Benzene 0.26 No 
Chloroform 1.95 No 
Ethylene chloride 2.3 No 
Methanol > 20 Yes 
Ethanol > 20 Yes 
Isopropanol > 20 Yes 
Dioxane > 20 Yes 
Acetonitrile > 20 Yes 
 
It is also a good explanation for the conflicting reports on CAP powder radiolysis in literature. 

The microenvironment of CAP powder from different manufacturers could be different, the presence 
or absence of the solvents with inducing function can result in different radiolysis behavior. The 
drying in present work functions actually as exposing to get rid of both solvent residuals and moisture. 
The inert gases purging and drying are practical methods to clean the environment of CAP, and to 
protect CAP powder from excessive radiolysis. 

3.4. Radiolysis of CAP in eye ointment 

 
The quantitative determination of the radiolysis products had to be carried out semi-

quantitatively, due to the lack of relative reference compounds. The non-irradiated CAP was used as 
reference compounds for all the radiolysis products to prepare calibration curves. The semi-
quantitative result is shown in Table IV. 

 
It is noted that the assay test results do not match the impurity test results, especially in the case 

of CAPEO at higher irradiation dose (50 kGy). Assay tests show that the degradation amount in CAP 
powder is higher than that in CAPEO, while the sum of all the impurities in the identical samples by 
impurity test are reverse. This strong suggests that some of the radiolysis products in CAPEO have 
escaped from the present HPLC measurement, or from the extraction process during the sample 
preparation. 
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FIG. 4. Influence of typical solvent residues on chloramphenicol radiolysis. 

CAP-MeOH-50, CAP-Water-50, CAP-CHCl3-50 mean the chloramphenicol powder spiked 
respectively with methanol, water, and chloroform after helium purging and before radiation at 50 
kGy, and CAP-He-50 and CAP-50 mean with/without helium purging. 

TABLE IV. HPLC QUANTITATIVE RESULTS OF ASSAY AND IMPURITY TESTS AFTER γ 
STERILIZATION OF CAP POWDER AND CAP EYE OINTMENT. 

 Assay test Sum of impurities a 

 CAP CAPEO CAP CAPEO 
15 kGy 99.4% 99.7% / / 
25 kGy 99.0% 98.8% 0.8% 0.7% 
50 kGy 97.9% 90.5% 1.3% 1.1% 
a: response factors of all impurities were assumed the same as chloramphenicol. 
 
As the part from escaped measurement, the radiolysis products in CAPEO could be: 
 

• Too low concentrations to be detected; 
• No absorbance at the HPLC detector (UV, 278nm);  
• Volatile compounds;  
• Retained at the top of HPLC column;  
• Hydrophobic compounds and left in petrolatum eye ointment base part. 

 
An assay test using UV spectroscopy method at the measurement wavelength (278nm) was 

carried in order to examine the low concentration radiolysis products. In this measurement, all 
impurities having absorbance at 278 nm are taken into account of assay result, no matter what 
concentration levels. The value of this assay test for irradiated CAPEO is 92.4% at 50 kGy (RSD% = 
0.05, n= 6) and it is higher than that using HPLC method in Table IV. Nevertheless, there is still 
disagreement between this assay test and impurity test in Table IV. 
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FIG. 5. TLC chromatograms of irradiated chloramphenicol in powder (CAP-50) and in eye ointment 
(CAPEO-50) at 50 kGy.  

 
Stationary phase: silica gel 60 F254; Mobile phase: chloroform/methanol/glacial acetic acid = 

97:14:7 (v/v/v); Detector wavelength: 278 nm. 
Peak 1 = 2-amino-1-(4-nitrophenyl)-1,3-propanediol; Peak 2 = 4-nitrobenzaldehyde. 
 
Further examination was carried out with thin-layer chromatography (TLC). As shown in Fig. 5, 

no additional sizeable peaks were found in the chromatogram of CAPEO compared to the 
chromatogram of CAP powder. It proves that no new degradation products have stocked on the HPLC 
column during the impurity test. Using universal spray reagents (iodine vapour, vanillin-sulphuric 
acid, and sulphuric acid) had not reviewed any new compounds either, suggesting that no UV 
insensitive compounds had escaped detection. Examination with diode array detector over 200-400 nm 
in the HPLC impurity test detected no new radiolysis products as well. 

 
Volatile radiolysis products may be formed during gamma processing because the radiation 

energy could be strong enough to break CAP molecule into smaller pieces, possibly volatile 
compounds. However, the volatile radiolysis profile of irradiated CAPEO determined using 
Headspace-GC-MS is exactly the same as that irradiated eye ointment base (without CAP), even at 
very high dose of 100 kGy (in our unpublished data). 
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FIG. 6. Influence of γ-irradiation on hydrophobic part of chloramphenicol eye ointment (CAPEO) and 
eye ointment base (EOB, containing no chloramphenicol), irradiated at 50 kGy. 

 
These examination results indicate that some of radiolysis products of CAPEO have escaped 

from the sample preparation process. By the molecular structure of CAP, there is little possibility that 
CAP itself produces non-volatile hydrophobic radiolysis products. Therefore, the only possibility is 
that CAP molecules had reacted with certain ingredients from ointment base during γ-irradiation, and 
remained in the hydrophobic medium. 
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It was observed that after γ-irradiation at 50 kGy, light yellow colour of CAPEO became dark 

yellow, while the colour of eye ointment base did not change. The examination of the hydrophobic 
part was carried out by UV spectroscopy method. The UV spectra of the eye ointment extraction 
(hydrophobic residues in Fig. 6) show that the absorbance of irradiated CAPEO differs from that of 
non-irradiated CAPEO and irradiated eye ointment base (Fig. 6). This indicates the presence of 
radiolysis products concerning CAP in eye ointment part. The details of this finding could be further 
investigated using suitable GC and HPLC methods. 

3.5. Strategies against radiolysis of CAPEO 

 
Radical scavenger 
Because CAPEO degraded more than 1% under the standard γ irradiation dose of 25 kGy and 

hydrophobic part of its radiolysis products is unknown, the gamma sterilization on CAPEO can not be 
performed without protection. The effects of radical scavengers were therefore explored to determine 
ways to prevent excessive radical radiolysis of CAPEO. The selected scavengers are preferably simple 
chemical substances, which are more sensitive to the direct influence of irradiation, or react faster with 
radicals/electrons than CAP molecule. 

TABLE V. INFLUENCE OF RADICAL SCAVENGERS ON CHLORAMPHENICOL CONTENT. 

Treatment a Chloramphenicol content, % RSD%, n = 3 
CAPEO, 0 kGy 100 0.87 
CAPEO, 50 kGy 90.5 0.64 
CAPEO-air, 50 kGy 95.2 1.05 
CAPEO-vitamin E, 50 kGy 95.1 2.57 
CAPEO-glutathione, 50 kGy 97.0 0.42 
CAPEO-β-carotin, 50 kGy 97.8 0.74 
CAPEO-N-actyl-L-cysteine, 50 kGy 99.6 0.63 

a: chloramphenicol eye ointment (CAPEO) was blended with 0.2% of each scavenger by hand in air, 
respectively, and CAPEO-air was prepared by stirring CAPEO in air only. 

 
Vitamin E, N-actyl-L-cysteine, β-carotin, and glutathione were thus tested as radical scavengers 

in the present study. They were blended well with CAPEO before irradiation. Assay test by HPLC 
method shows that N-actyl-L-cysteine exhibits excellence protection function (Table V). CAP 
radiolysis in CAPEO was reduced from 90.5% to 95.2% when CAPEO sample was vigorously stirred 
only in air, again, indicating the scavenging effect of oxygen on CAP molecule. Because all samples 
were prepared in air, vitamin E showed no protection function more, glutathione and β-carotin showed 
only weak protection function. The scavenger function of N-actyl-L-cysteine could be a synergy with 
oxygen. 

 
It is worthwhile to mention that radiolysis degree of manufacturer packed CAPEO (in aluminum 

tube) was higher than the lab packed CAPEO (in conical glass flask) at both 25 and 50 kGy (Table 
VI). The manufacturer packed CAPEO was prepared and packed to its final container (in aluminum 
tube) under vacuum condition. The lab packed CAPEO was packed under atmospherically conditions 
in glass flask. The vacuum operation of manufacturer packed CAPEO obviously diminishes oxygen 
residues in the CAPEO product. The absence of oxygen results in higher degree of CAP radiolysis. 

TABLE VI. COMPARISONS OF CHLORAMPHENICOL CONTENT IN CAPEO AFTER γ-
IRRADIATION IN DIFFERENT PACKAGES. 

n = 6 in aluminum tube  in conical glass flask 
 Assay  RSD%  Assay RSD% 
25 kGy 96.7% 1.32  98.8% 0.45 
50 kGy 89.7% 0.87  90.5% 0.64 
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However, oxygen is unacceptable as scavenger for CAPEO, because it will cause the oxidation 

reaction of petrolatum eye ointment base. This severely harms the quality of petrolatum ointment 
products. Therefore, N-actyl-L-cysteine could be only a good candidate as scavenger. In absence of 
oxygen, the function of N-actyl-L-cysteine should be further investigated. Furthermore, it is necessary 
to clarify the radiolysis behavior and radiolysis products of N-actyl-L-cysteine. 

3.6. Lower radiation dose 

 
The above shows difficulties to find a proper scavenger. In addition, it is noticed that radiation 

treatment at 25 kGy results in two other drawbacks as well. One is formation of gas radiolysis 
products from the petrolatum ointment base, which may cause some swelling of the tube and result in 
ointment leaks as well as spoil the package. The other is the irradiation treatment produces unpleasant 
odor from petrolatum ointment base. N-actyl-L-cysteine shows no relief for the two handicaps. 

 
According to the sterilization selection guideline from The European Agency for The Evaluation 

of Medicinal Products (EMEA), products could be sterilized using a validated lower irradiation dose 
when the product can not withstand the irradiation of 25 kGy, if the Sterility Assurance Level (SAL) of 
the ophthalmic product can be ensure to be ≤ 10-6. In the case of sterilization of CAPEO, lower 
radiation dose tactics could therefore be considered.  

 
The key for the use of lower radiation dose is to have a relative lower bioburden in the object 

product before sterilization. For this reason, petrolatum base can be pre-sterilized using dry heating 
sterilization during homogenizing of base ingredients. The mixture of CAP powder and the pre-
sterilized base will have a low bioburden, which may require a sterilizing dose of 10-15 only. The 
present investigation confirmed that the influence of gamma irradiation at 15 kGy degradation of CAP 
in petrolatum ointment base was insignificant, the content loss of CAP was 0.3% (Table IV). The gas 
formation and the change of the odor are negligible as well. 

 

4. CONCLUSION 

 
Gamma irradiation provokes degradation of CAP both in powder state and in petrolatum eye 

ointment, chloramphenicol degrades more severely in ointment state than that in pure powder state. 
Because the radiolysis degree is more than 1% and hydrophobic part of radiolysis products in 
chloramphenicol eye ointment is unknown, γ sterilization may not be directly applied to 
chloramphenicol eye ointment product under the standard irradiation dose of 25 kGy. 

 
Microenvironments of chloramphenicol molecule during γ processing played a key role in the 

chloramphenicol radiolysis in both powder state and ointment state. Comparing with powder state, the 
radiolysis hydrolysis product, 2-amino-1-(4-nitrophenyl)-1,3-propanediol, almost disappears in 
chloramphenicol eye ointment, and the oxidation products are lower, while the products from 
molecular rupture or reduction are higher.  

 
Solvent residues that have good solubility for chloramphenicol, such as methanol acetonitrile 

and 1,4-dioxane, induce hydrolysis reaction of chloramphenicol in γ process. With inert gas purging or 
diffusion by exposing in absorbent, radiolysis of chloramphenicol in powder can be obviously 
reduced. Presence of oxygen significantly eliminates chloramphenicol radiolysis in both powder state 
and ointment state. 

 
N-actyl-L-cysteine could be a potential radical scavenger against radiolysis in chloramphenicol 

eye ointment. Using a lower irradiation dose, such as 15 kGy, is a practical method to perform γ 
sterilization of chloramphenicol eye ointment.  
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Abstract 
Herbal medicine derived from natural raw materials is widely used in pharmaceutical preparations. Our 

study concerns the radiation decontamination of ispaghula husk (IH). Due to the high polysaccharide content of 
IH, it gels over wide range of concentrations. During the course of IH intake by patients, it experiences different 
degradation conditions such as acidic, alkaline and colonic microflora. Our study was designed to mimic this 
behaviour by carrying out controlled degradation steps using ionizing radiation and to study the effects on the 
molecular weight distribution in different solvents. Gel permeation chromatography coupled on line to a multi 
angle laser light detector (GPC-MALLS) was used in this study. We have shown that the water-soluble extract of 
the IH was increased from 21% to 47% with increasing degradation of the molecular structure whereas the 
alkaline solubility increased from 60 to 80%). The weight average molecular weight of the soluble control 
polysaccharide was higher in the water extract (2.3×106) than the material extracted in alkali (1.6×106), but 
following degradation as a results of irradiation, the material extracted into the two systems showed similar 
molecular weight profiles . 
 

1. INTRODUCTION 

 
Ispaghula Husk (IH), Plantago ovata or P. espaghua (Plantaginaceae) is widely used as a 

prophylatic in the treatment of large-bowel disorders. IH is native to the Canary Islands and the 
Mediterranean regions of Southern Europe and is also indigenous to the Indo-Pak subcontinent. 

 
Ispaghula husk seed is a rich source of effective polysaccharide (dietary) fibre for promoting the 

healthy functioning of the colon [1]. A factor in its physiological fibre behaviour is its high viscosity 
and gel-like character in water. This in turn is related to the molecular parameters associated with this 
extremely high molecular weight polysaccharide. 

 
In this study we have fully investigated the molecular parameters associated with the 

polysaccharide. Its behaviour in water is unusual. On suspension in water, fine whiskers grow out of 
the solid within one minute. This behaviour continues and the fibres grow with time until the solid has 
been converted, first into a soft solid and then into a stiff gel. It is this interaction with water which 
controls the rheological behaviour of this polysaccharide which in turn is partly responsible for its 
effectiveness in increasing stool bulk and decreasing stool transit time. There are, however, in vivo 
changes and modifications, which occur after exposure to the fermentation activity of the colonic 
microflora. To mimic this behaviour we have carried out controlled degradation using ionizing 
radiation and have studied the effect on molecular structure which in turn will determine its 
physiological effectiveness. Our objective was to follow the breakdown of the tertiary matrix via the 
gel into the water soluble state and evaluate how this progression might relate to its functionality 
within the colon and lead to the various physiological benefits which have been reported.  

 

2. EXPERIMENTAL 

2.1. Materials 

The Ispaghula husk used in the investigation was supplied by Mr M.Havler (Reckitt & 
Bencksier). The sample were labelled and irradiated using the gamma irradiation source at Isotron 
(Swindon, UK) (Lot 234) for 6.5, 8.2, 10.2, 12.1, 53.4 and 100.8kGy and at NEWI ( Lot 2694) using 
the Cs137 source for 2, 4, 6, 8, 14 and 22 kGy. 
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2.2. Effect of irradiation on the soluble fraction  

 
0.2gm of the respective sample was weighed out accurately in a vial of known weight (W1). 20 

ml of H2O was added and the sample was left to hydrate. The vials were shaken for several time and 
left at room temperature. The sample was centrifuged for 30min at 500rpm and the soluble fraction 
was removed. The vial was then placed in an oven at 50C until complete water evaporation was 
completed leaving a solid residue (insoluble material). The tube was then left at room temperature for 
2-3 days and the weight measured again (W2). The % of the soluble fraction was calculated according 
to the relationship below and the average (1st wash) of three separate determinations is tabulated in 
Table I: 

 
% soluble fraction = (W1-W2 ) / W1×100 

 
Another 20ml H2O was added to the same tubes and treated as described above. The weight of 

the dry IH was determined again (W3) and the % soluble fraction (2nd wash) was calculated according 
to  

 
% soluble fraction = (W1-W3) / W1×100 

TABLE I. EFFECT OF RADIATION ON THE SOLUBLE WATER EXTRACT OF 
IRRADIATED IH IN THE SOLID STATE. 

Sample % Soluble fraction 
1st 

Average 
1st 

Average 
2nd 

Control 22.5 
22.0 
21.1 

 
21.8 

 
26.7 

6.5 kGy 25.3 
24.1 
23.6 

 
24.3 

 
28.9 

8.2 kGy 24.5 
25.6 
26.0 

 
25.3 

 
30.7 

10.2 kGy 25.7 
25.3 
25.5 

 
25.5 

 
31.5 

12.1 kGy 25.3 
24.6 
24.8 

 
24.9 

 
31.1 

53.4 kGy 39.4 
34.6 
31.7 

 
35.3 

 
53.1 

100 kGy 43.9 
45.4 
52.4 

 
47.2 

 
64.7 

 
From Table I, it can be seen that the effect of radiation at high doses, resulted in an increase in 

the % soluble fraction to 47% after irradiation to 100kGy. This value was increased to 65% after the 
second washing with water.  

 
It can be concluded, therefore, that irradiation increases the amount of the water soluble fraction 

and can be used to control the amount of this fraction.  
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In a separate series of experiments to follow changes in molecular weight distribution, samples 

of IH (Lot 2694) were irradiated, in the solid state, for 2, 4, 6, 8, 14 and 22kGy. The samples were 
dissolved in either water or in 0.1M NaOH. .For comparison with the above soluble fraction 
experiments, 60% of the IH sample was found to be soluble in 0.1M NaOH. This value increased to 
~80% upon irradiation to 22kGy.  

 

2.3. Molecular weight measurements 

 
Multi angle laser light scattering (MALLS) is one of the few absolute methods available for the 

determination of molecular weight and size over broad ranges. It utilizes the principle that the intensity 
of light scattered elastically by a molecule (Raleigh scattering) is directly proportional to the product 
of the weight average molecular weight and concentration of the polymer according to the expression:  

 

R
KC

θ

 = 
1

wM
 [1 + 16π 2 < rg

2> sin2 ( θ / 2 ) / 3 λ 2  ] + 2A2C  (1) 

 
The term given between two brackets represents P(θ ) which is a general form of a scattering 

function. K is an optical constant given by: 
 

K=4π 2 n0 (dn/dc)2 / λ 4  NA); 
 
C is the concentration, Rθ  is the excess Rayleigh ratio which is the measured quantity, θ  is the 

scattering angle, Mw is the weight average molecular weight, A2 is the second virial coefficient, no is 
the refractive index of the solvent, dn/dc the refractive index increment of the polymer in solution,λ  
is the wavelength of light, NA is Avogadro’s number. 

 
When size exclusion chromatography is coupled to an on-line absolute molecular weight 

determining device (such as MALLS) and a concentration sensitive detector (refractive index or 
photometric) it is possible to measure the excess Rayleigh ratio, Rθ , of the light scattered intensity 
and sample concentration (ci) for each slice (fraction) in the fractionated peak. The values of ci and 
Rθ  are then used to construct a Debye plot of Rθ /Kc against sin2(θ /2) for each slice using first order 
fit. The value of MI is then determined from the intercept of the plot. Thus information about the 
weight average molecular weight (Mw), number average molecular weight (Mn), molecular weight 
distribution, polydispersity index (Mw/Mn) and radius of gyration can be obtained, using Astra 
Software 4.5 utilizing the equations below (Wyatt Technology, SB, USA). 
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The quantities ci, Mi and <r2>i in the above equations are respectively the concentration, 
molecular weight and mean square radius of the ith slice as described above. 

 

2.4. GPC-MALLS system 

 
The molecular weight and molecular weight distribution of Ispaghula husk samples were 

measured using GPC-MALLS system shown in Fig. 1. The GPC-MALLS system utilized a Waters 
(Division of Millipore, USA) Solvent Delivery System Model 6000A connected to a stainless steel 
column- Hemabio linear (10�m) packed with hydrophilic modified HEMA gel (hydroxyethyl 
methacrylate copolymer), manual Rheodyne Model 7125 syringe loading sample injector equipped 
with 250 µl sample loop. Changes in concentration of the polysaccharide, along the elution profile, 
were followed using a concentration dependent detector Wyatt OptilabDSP interferometric 
refractometer operated at 633nm (Wyatt Technology Corporation, USA) . The DAWN DSP multi 
angle laser light scattering photometer was used to determine changes in molecular weight and 
distribution and was operated using a He-Ne laser at 633 nm fitted with a K5 flow cell (Wyatt 
Technology Corporation, USA). The molecular weight of each fraction, as it eluted out of the GPC 
column, was thus determined using the associated software (Astra V4.5 Wyatt Technology 
Corporation, USA). For these measurements, a value of 0.1136 and 0.1192 was used for the refractive 
index increment (dn/dc) in 0.1M NaOH and H2O respectively.  

 
1% IH samples were prepared by dissolving 0.2gm in 20ml of 0.1M NaOH or H2O. The soluble 

fraction (50 µl or 250 µl) was filtered through a 1.0 µm filter and injected into GPC column (Hemabio 
linear, PSS).  
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Personal  
Computer

   Graphics   
       and  
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FIG. 1. Schematic diagram of the GPC system coupled to a multi-angle laser light-scattering (DAWN). 

2.5. Results 

 
The IH sample Lot 2694 was irradiated in the solid state at g-irradiation doses of 0-22KGy. The 

irradiated solid samples were subsequently dissolved in either water or 0.1M NaOH. Table II gives the 
results of the soluble fraction when the irradiated solid was dissolved in 0.1M NaOH (Figs 2 and 3) 
and Table III when the same samples were dissolved in water (Figs 4 and 5). In both cases the mobile 
phase was 0.1M NaOH. The degradation is pronounced for both systems investigated as demonstrated 
by the molecular weight distribution and cumulative plots.  
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TABLE II. IH LOT 2694 IRRADIATED (SOLID STATE) AND THEN DISSOLVED IN 0.1M 
NAOH. (MOBILE PHASE 0.1M NAOH). FLOW RATE 1ML/MIN, 250ML INJECTED VOLUME 
OF 2% SOLUBLE FRACTION. P IS THE POLYDISPERSITY (P = MW/MN). MN IS THE 
NUMBER AVERAGE MOLECULAR WEIGHT. 

Dose /kGy Molecular weight (Mw) P 
Control 
Control (2nd run) 

1.62 ± 0.06 x 106 

1.62 ± 0.07 x 106 
1.45 
1.40 

2 1.54 ± 0.06 x 106 1.42 
4 1.25 ± 0.04×106 1.82 
6 1.18 ± 0.04×106 2.00 
8 1.12 ± 0.03×106 2.01 
14 0.95 ± 0.04×106 2.22 
22 0.73 ± 0.02×106 2.00 

 

TABLE III. LOT 2694 IRRADIATED (SOLID STATE) AND THEN DISSOLVED IN WATER. 
(MOBILE PHASE 0.1M NAOH). FLOW RATE 1ML/MIN, 50µL INJECTED VOLUME OF 2% 
SOLUBLE FRACTION. P IS THE POLYDISPERSITY (P = MW/MN). MN IS THE NUMBER 
AVERAGE MOLECULAR WEIGHT. 

Dose / kGy Molecular weight P 
Control  2.36 ± 0.04×106 1.57 
2 1.77 ± 0.03×106 2.04 
4 1.57 ± 0.04×106 2.06 
6 1.35 ± 0.02×106 2.06 
8 1.01 ± 0.02×106 2.12 
14 0.81 ± 0.04×106 2.11 
22 0.65 ± 0.02×106 2.20 

 

3. DISCUSSION 

3.1. Nature of radiation action 

 
The processes by which high energy radiation and particles interacts with polysaccharides and 

related carbohydrates in the solid state have been described in detail [2–4]. Whether the radiation is 
electromagnetic (X rays and �rays) or corpuscular (�rays and �rays), the final transfer of energy 
occurs via charged particles. With electromagnetic radiation, the interaction of high energy quanta 
with atoms of the medium through which they pass leads to ionization, since the energy of the quanta 
is substantially greater than the binding energy of the electron. 

 
This behaviour may be considered as a sequence of energy transfer processes. First the energy is 

transferred from the charged particles to the electronic system of the molecules of the medium and for 
the condensed systems it is probable that the energy deposition first extends over a domain. Ionization 
and excitation occur during this primary physical act. The ionization and excitation produced at this 
stage involve the electrons of a considerable volume of the medium, possible 10-22 cm3 or more and 
last in their initial form for an extremely short period of time (~10-15 sec).  

There is subsequent localization of energy by way of series of further energy transfer processes 
to individual molecules which undergo chemical change. 
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Continuous polysaccharide matrices contain relatively few trapping sites for the electrons 
formed by these processes. Thus, although electrons may possess considerable mobility in such media, 
the chemical change will depend in large measure on the charge-neutralization processes, which lead 
either to free radicals or to excited states. The net effect is to form excited states at a considerable 
distance of the primary site of ionization. The subsequent migration of energy from the excited states 
formed has a considerable bearing on the chemical effects of radiation and has been shown to be 
dependent on the state of aggregation in the condensed phase. This behaviour exerts a marked 
influence on the extent of degradation of hydrogen-bonded carbohydrates. 

 
In the presence of water the species formed following the initial ionization of the solvent are: 
 

H2O ----> eaq
- + •H + ·•OH+ H2O2 + H2 + H3O+ 

 
The free radicals and the hydrated electron are the reactive species which can initiate chemical 

change by either abstraction processes or electron capture. The overall yield of these species is ~ 6 per 
100 eV. In a series of papers, Phillips et al and von Sonntag et al [2–4] have described the chemical 
changes in carbohydrates as a result of these processes. 

 
Energy transport following γ−irradiation in the solid state was demonstrated in polysaccharides 

consisting of hydrogen bonded matrices. The free radicals which are formed following the excitation 
and ionization processes induced by irradiation have been identified [3]. For example, hyaluronan 
γ−irradiated systems have been studied in the solid state [5] and in aqueous solutions [6]. For solid 
state hyaluronan systems G (radical) was found to be 3.0, but by introduction of an energy and radical 
scavenger, cetyl pyridinium chloride, radiation protection could be achieved and G (radical) was 
reduced to 0.3 [5]. Transient intermediates in aqueous irradiated systems have also been identified 
using pulse radiolysis [7,8]. 

 
As a general rule for a given dose, it can be taken that more degradation occurs in aqueous 

solution than in the solid state. Even the presence of water however within the solid matrix can 
accelerate the radiation effects.  

 
From the point of view of polysaccharides, our research group has produced a variety of 

investigations to demonstrate that linear chain polysaccharides break down more readily to lower 
molecular weight than branched or cross-linked systems [9].  

 
Irradiation of cotton straight chain cellulose, on the other hand, as fibre or yarns causes a 

decrease in the tensile strength, elongation, elasticity and tenacity. The major effects observed are 
chain cleavage and the formation of reducing groups and acid groups. Generally for carbohydrates, the 
formation of reducing groups is the chemical change most readily apparent. For gum arabic, on the 
other hand, a bulbous and highly branched structure, a sterilization dose of 25kGy in the solid state, 
which excluded oxygen does not induce any significant chemical change. The same type of difference 
in stability to molecular weight change was found between hyaluronan and its cross-linked derivative 
of hylan which is 3 times more stable [9]. 

3.2. Effect of irradiation on the molecular weight parameters of Ispaghula husk 

 
When the mobile phase is 0.1M NaOH, the molecular weight for the unirradiated sample 

dissolved in 0.1M NaOH is 1.6×106 (average) and when dissolved in water with 0.1M NaOH as the 
mobile phase is 2.3×106. The difference in the molecular weight between the two conditions could be 
attributed to the alkaline degradation when the sample is dissolved in 0.1M NaOH. However in both 
conditions there is a clear degradation pattern. For quantitative evaluation, the water extract is deemed 
to be more appropriate given it has not undergone any degradation in the solvent system.  

Fig. 1 shows the % change in Mw with radiation dose. Thus it is possible to evaluate the extent 
of degradation at any radiation dose used. 
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FIG. 2. Molecular weight distribution of IH following irradiation in the solid state and dissolved 
subsequently in 0.1M NaOH. Mobile phased is 0.1M NaOH. 

The effect of radiation is quite evident from Figs 2 and 3. The high Mw component of 5×106 
decreases to less than 2×106 after 22 KGy. The polydispersity increases from 1.57 to 2.20 (1.24–2.00 
in NaOH) as indicated by the broadening of the molecular weight distribution and loss of high 
molecular weight components. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3. Cumulative molecular weight plot of control and IH samples irradiated in the solid state and 
dissolved subsequently in 0.1M NaOH. Mobile phased is 0.1M NaOH. 
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In conclusion, irradiation of IH in the solid state results in the degradation of the polysaccharide 

and the production of lower molecular weigh components that contributes to an increase in the soluble 
fraction. The data contained in this report may have implications for the development of better, more 
palatable IH products. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. Molecular weight distribution of control and IH samples irradiated in the solid state. The 
samples subsequently dissolved in water. Mobile phase is 0.1M NaOH. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 5. Cumulative molecular weight plot of control and IH samples irradiated in the solid state. The 
samples subsequently dissolved in water. Mobile phase is 0.1M NaOH. 
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