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| - Abstract

Sedentary lifestyle of human beings has resulted in various diseases and
in turn we require a potential tool that can be used to address various
issues related to human health. Laser Induced Breakdown Spectroscopy
(LIBS) is one such potential optical analytical tool that has become quite
popular because of its distinctive features that include applicability to
any type/phase of samples with almost no sample preparation. Several
reports are available that discusses the capabilities of LIBS, suitable for
various applications in different branches of science which cannot be
addressed by traditional analytical methods but only few reports are
available for the medical applications of LIBS. In the present work, LIBS
has been implemented to understand the role of various elements in the
formation of gallstones (formed under the empyema and mucocele state
of gallbladder) samples along with patient history that were collected
from Purvancal region of Uttar Pradesh, India. The occurrence statistics
of gallstones under the present study reveal higher occurrence of
gallstones in female patients. The gallstone occurrence was found more
prevalent for those male patients who were having the habit of either
tobacco chewing, smoking or drinking alcohols. This work further reports
in-situ LIBS study of deciduous tooth and in-vivo LIBS study of human
nail.

Also ,Type 2 diabetes drug tablets containing voglibose having dose
strengths of 0.2 and 0.3 mg of various brands have been examined, using
laser-induced breakdown spectroscopy (LIBS) technique. The statistical
methods such as the principal component analysis (PCA) and the partial
least square regression analysis (PLSR) have been employed on LIBS
spectral data for classifying and developing the calibration models of
drug samples. The experiment has been performed in air and argon
atmosphere, respectively, and the obtained results have been
compared. The present model provides rapid spectroscopic method
fordrug analysis withhigh statistical significance for online control and
measurement process in a wide variety of pharmaceutical industrial
applications.




1- Introduction

Laser-Induced Breakdown Spectroscopy:

Atomic emission spectroscopy is a technique for chemical analysis to
determine either the presence or the mass fraction of an element
present in a sample based on measurement of the intensity of light
emitted from a flame, spark, arc, or plasma [1,2].

Laser-induced breakdown spectroscopy (LIBS) is an established,
straightforward, reliable, and versatile form of atomic emission

spectroscopy that has broad capability for rapid, in situ
elemental detection in any material (solid, liquid, or gas), and
guantitative analysis by LIBS is possible using either
conventional calibration methods or calibration-free
approaches [3,4,5,6,7].

Thus, LIBS has the potential for widespread use for rapid
chemical detection and analysis outside the research
laboratory. At its core, an LIBS analytical system (Figure 1)
consists of just a few components:




LIBS Analytical System

computer
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(i) a solid-state, short-pulsed, Q-switched laser operating at
1064 nm (or one of its frequency-multiplied harmonics) used to
create a microplasma on the target,

(ii) a set of optics to focus the laser light onto the target and to
collect the light emitted as the plasma cools,

(iii) a coupled fiber-optic and spectrometer/detector system
for acquisition of the plasma light emission and spectral
resolution of the light spectrum, and

(iv) a computer for system control and data processing




1.1-

LIBS is also advancing as a technology as new
commercial instruments are becoming available. The
core attributes of

(1) real-time analysis

(2) no sample preparation

(3) high sensitivity

(4) high specificity for materials identification;

(5) sensitivity to all chemical elements in each laser shot

(6) uncommon versatility of point, standoff, as well as

underwater-sensing provides a strong argument that LIBS will
make a significant impact on science and society.

./ Collection




1.2 -Constituent:

The main constituents of a LIBS set-up are a pulsed laser source, a
spectrometer (dispersive element plus multichannel detector) with
suitably designed optical systems (laser focusing and collecting plasma
emission) and electronics components (trigger and delay generators) (8)

Time gateable detector

Electronics

Monochromator

B 9

Optical fiber 7&‘

A i > Sample
& -

Receiver <
optics

MEDICAL APPLICATION

» Identification of various bacterial species/microbes

* Detection of hazardous materials such as anthrax

* Determination of trace elements in several kinds
of bacteria and spores

* Accumulation of metal elements

Bacteria/Microbes

Animal/Human l

Tissues

Mineralized Tissues J Organs J

Liver, kidney, muscle,
brain, lung, spleen

Bones, teeth, urinary stones,
gallstones, skin, nails, hair, shell

=3 Spatial mapping of minerals hlappi:xg o_f traces -
> Estimation of age '3 Identification Surgical
> Influence of environmental factors of cancerous and gress

Toxic and heavy elements healthy tissues
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2-Medical application:

Laser-induced breakdown spectroscopy (LIBS) is a fast multielemental
analytical technique which is based on the spectroscopic analysis of the
radiation emitted by laser- induced plasma . This technique has opened
up many applications in different fields of science and technology from
thin film deposition to elemental analysis of target materials(9).

Nowadays, it is being used for both qualitative and quantita- tive
analyses with the possibility of fast and on-site measure- ments of
samples in the form of solids, liquids, gels, gases, plasmas, and biological
materials like teeth, bones, leaf, and blood, etc.

Due to the new demonstrations of Laser-induced breakdown
spectroscopy (LIBS) applicability in a surprisingly wide variety of
applications, the use of LIBS as a medical diagnostic tool is steadily
gaining momentum(10). Especially in different cancer diseases, LIBS has
the potential to become a fast and valuable analytical tool.

We addressed LIBS equipment and quantitative analytical procedures,
and signal enhancement techniques for improving element detection.
For detailed aspects of applications, we reviewed the recent progress of
LIBS in different cancer diseases.

This overview of the different cancers by LIBS is meant to summarize
the research performed to date and suggest some suitable advanced
chemometrics techniques and effective LIBS devices, if successfully
implemented, would be significantly beneficial to the medical field in the
future(11)

Kidney stones were analyzed using laser-induced breakdown
«(spectroscopy (LIBS

The results are beneficial in understanding kidney stone formation
processes, which can lead to preventive therapeutic strategies and

.treatment methods for urological patients(12).




2.1- bones and teeth

LIBS has emerged as a promising technology for the analysis and
characterization of a broad variety of objects due to its advantages such
as no need for laborious sample preparation, fast analysis, and in situ
analysis capability. LIBS is capable to detect lighter elements like C, H, N,
and O, useful for material identification, depth profiling, and elemental
sur- face mapping, so it can solve numerous industrial, environ- mental,
biological, and scientific problems in real time(13) . It is important to
note that in some cases, the sensitivity of LIBS to detect ultra-trace
amounts of elements may be insufficient but it can provide spatial
information of elements present in bones and teeth, which is not
possible by conventional elemental analysis techniques (e.g. , inductively
coupled plasma (ICP), AAS, etc.) without sample prepara- tions such as
ashing or acidic dilution . The information of the spatial distribution of
elements serves to establish compo- sitional interrelationships of the
elemental constituents in the biological samples. Moreover, LIBS analysis
can be under- taken directly from the solid sample, often in situ and at
"remote" locations, and even in vivo analysis may be possible, when
dealing with living organisms . Detection limits of LIBS for solid samples
are of the order of a few ppm(14) . However, it can be improved by
applying modified LIBS techniques such as Double-Pulse (DP) LIBS or
combining laser ablation with laser-induced fluorescence spectrometry
(LIFS) . An improvement of signal-to-noise (S/N) ratio over an order of
magnitude can be realized by reheating the existing microplasma with a
second laser pulse (DP LIBS) and is advantageous in terms of lower
sample load(15) .

The authors showed that bone ash could be used as a suitable standard
reference material for calcified tissue cali- bration using LIBS with a 266-
.nm excitation wavelength

Recently, LIBS has emerged as a promising technique for the analysis
of bioarcheological materials such as calcified tissues, namely, teeth and
bones




A) LIBS analysis of bones

developed a remote LIBS system for investigating a calcified tissue
sample at a distance of up to 6 m and tested in the laboratory. The
sample used was a transverse section of a seventeenth- to eighteenth-
century [ luetic shinbone (tibia bone) cut and polished for analysis. The
system used for the present study was a Galilean tele- scope and a flat-
topped laser beam profile at 532 nm. Initial test were made on a slice of
calcified bone placed in air 6 m away from the telescope. The system
was sufficiently sensi- tive to detect major elements like Mg and P and
minor ele- ments such as Na, Zn, and Sr at the semiquantitative levels of
milligrams per kilograms. Trace elements were not easily recorded LIBS
results were validated by the results obtained from LA-ICP-MS(16). The
variation of elements along a trans- 1 verse radial cross section was also
found. Variations in the bone porosity, and a rather large 1-mm
diameter ablation crater, lead to variable results on the concentrations
.of ele- ments sensitive to bone growth kasem et al.

studied the influence of biological deg- radation and environmental
effects on the interpretation of archeological bone from three different
ancient Egyptian dy- nasties using LIBS. Authors demonstrated that
postmortem effects must be taken into consideration on studying
dietary i habits(17). Also, a clear correlation between the degradation of
the tissues in the archeological bones with the absence of CN and C,

.molecular band in the LIBS spectra was found

Essential trace elements Normal level Nonessential/Toxic elements Normal level
(ppm of bone ash) (ppm of bone ¢

Copper (Cu) 25 Aluminum (Al) 1-10

lodine (I) <] Arsenic (As) 0-5

Iron (Fe) 500 Barium (Ba) 10-20

Manganese (Mn) 10 Lead (Pb) <70

Zinc (Zn) Mercury (Hg) <]
Strontium (Sr) 100-200

Trace element in human bones
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B) LIBS analysis of teeth

The human teeth consist of a unique composition of three distinct
.segments namely enamel, dentin, and pulp(18)

Cay0(PO4);(OH),(s) + 8H™ (ag )—10Ca’" (ag) + 6HPO4> (ag) + 2H>0

By means of this reaction, the enamel can be demineralized within a few
days only. Calcium bound to the hydroxyapatite is ionized and washed
out by saliva. This process turns the hard enamel into a very porous and
.permeable structure

The authors successfully prepared enamel and dentine p cavities using
this Er:YAG laser. Since then, this laser has to been used for caries
removal and cavity preparation, soft tissue minor surgery, and scaling .
Now, lasers have been routinely used to fix dental problems such as
cavities. treat gum disease, and canker sores including teeth whitening.
di Novel dental applications of lasers have been proposed and the
results have been published by Niemz(19) .




2.2- LIBS ANALYSIS FOR DIFFERENT CANCER

2.2.1- Liver Cancer

In humans, the liver is the sixth most common primary cancer site, and it
is frequently linked with cirrhosis and inflammation(20) . Kumar et
al.(21)used LIBS for the first time to classify a dog’s liver tissue to identify
liver cancer. The findings demonstrate that the ratios of calcium (Ca),
copper (Cu) and sodium (Na) to potassium (K) line concentrations are
higher in a malignant sample than those in a normal one. They also used
inductively coupled plasma emission spectroscopy (ICPES) to compare
the results with LIBS and achieved good approximation results of both
methods.

2.2.2- Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma (NPC) is a rare subtype of head and neck
cancer with a highly unbalanced endemic spread (22).used LIBS
combined with chemometric methods. In this research, a total of 160
serum samples was used, including 100 healthy controls and 60 NPC
patients.The major elements (Na, Mg, K, and Zn) from LIBS spectra were
selected for diagnosis and further classification purposes. They
concluded that, the variable importance of three lines (K 1 766.49, K |
769.90, and Na | 589.59 nm) with RF extraction are much greater than
the average variable importance(23).

2.2.3- Cervical Cancer

used paraffin-embedded tissue samples of normal and cervical cancer
patients. They coupled LIBS with chemometric methods PCA and SVM
for classification purposes. It was hard to distinguish between normal
and cervical cancer tissue using the raw spectra. PCA was performed,
but the result of PCA was overlapped, hard to differentiate the cervical
and normal sample. Then for normal tissues and cervical cancer tissues
identification, SVM and PCA-SVM were used. The findings found that the
PCA-SVM identification accuracy is much better than SVM and increased
from 93.06 to 94.44%. They also concluded that LIBS technology has a
lot of potential for cancer diagnosis in real-time(24). To achieve the best
calcification and discrimination results the sample

9




2.2.4- Stomach Cancer

For gastric cancer identification,used spark discharge assisted laser-
induced breakdown spectroscopy (SD-LIBS) in investigating the
possibility of distinguishing neoplastic (cancerous) from non-neoplastic
(normal) stomach tissues (25). In this study, they also found the
difference between neoplastic and non-neoplastic gastric tissues
emission spectra. The study concentrated on an in vitro comparison of
elemental concentrations in distinct tissues. Depending on these
observations, the intensities of Ca and Mg in cancerous spectra are
higher than the normal sample spectra obtained from the same person.
Likewise, they also concluded that the number of samples used in this
study was insufficient to draw a firm conclusion, and more research is
needed to generalize this concept

2.2.5-Ovarian cancer

For further LIBS analysis, they collected blood samples from mice at
different ages of 8, 12, and 16 weeks. A total of 56 blood plasma samples
.(were used in the experiment, 28 of each class (normal and cancerous

This finding backs up the theory that as the tumour load in the animals
grows, plasma specimens will deviate more from control specimens.(26)
When all six data are combined, however, the accuracy of classification
for each age group drops. We believe this drop is because the LIBS
chamber has to be re-opened after collecting LIBS spectra from one set
of blood plasma samples to load the new blood plasma samples(27).
They concluded that more research is needed to classify ovarian cancer
and identify atomic and ionic lines in the ablated samples




2.2.6- Lung Cancer

used LIBS combined with machine learning techniques to differentiate
lung boundaries from lung tissues. For this purpose, they used 90 tissue
samples of lung tumor and lung boundary from 45 patients, of which 20
men and 25 were female, respectively(28). They used SVM and Boosting
Tree classification models that employ PCA and RF to enhance accuracy,
sensitivity and specificity. The RF-Boosting tree outperformed the
competition in classification and recognition.m. The combination of LIBS
with an RF-Boosting Tree model to detect lung tumour boundaries is a
rapid and accurate method

2.2.7- Skin cancer

concentrated on the feasibility of LIBS to differentiate between lesions in
the surrounding dermis from melanoma(29). Using homogenized pellet
extracts from melanoma-implanted mice, and performed a qualitative
and quantitative elemental analysis of melanomas and the underlying
dermis.collect and compare the blood serum and tissue homogenate
LIBS spectra harvested from a pre- clinical model of melanoma. The use
of four distinct classification algorithms (LDA, FDA, SVM, and Gradient
Boosting) is effective. The results of these four algorithms were
compared, and Gradient Boosting was found to provide the best
precision for classification.recently used LIBS combined with
chemometric methods to examine and discriminate against human
melanoma tissue samples instead of animal samples, and achieved good
classification results(30)

Type of skin cancer




2.3- LIBS APPLICATION OF GALLSTONES

Firstly, Singh et al. applied LIBS technique to investigate major and
minor constituents of cholesterol gallstones obtained after surgery. The
authors used a neodymium: yttrium—aluminum—garnet (Nd:YAG) laser
(Continuum Surelite 11I-10), operating at 532 nm wavelength and capable
of delivering a maximum energy of 425 mJ over a pulse duration of 3—4
ns ( full-width at half-maximum) at a maximum pulse repetition rate of
10 Hz. A good signal-to-noise ratio and signal-to-background ratio were
found at 20 mJ laser energy and 10 Hz repetition rate. The elements
detected in the center and in the shell part were calcium (Ca), carbon
(C), copper (Cu), hydrogen (H), magnesium (Mg), nitrogen (N), sodium
(Na), oxygen (O ), and potassium (K), but Cu was absent from the surface
of the cholesterol gallstones(31).

The results revealed that Ca was a major constituent of cholesterol
gallstones. They also showed that the concentrations of Ca, Cu, and Mg
were high in the center in comparison with the shell. The authors also
recorded the LIBS spectra of colored parts and discolored parts on the
surface of the cholesterol gallstones. The concentrations of Na and K
were higher in the nonpigmented (colored) part than in the pigmented
part (discolored/pigment), which showed that the deficiency of Na and K
playeda key role in the formation of discoloration at the different
locations on the outer surfaces of the cholesterol gallstones. Finally, they
concluded that LIBS is a quite suitable technique for the analysis of
gallstones without any sample preparation. Pathak et al. applied LIBS
technique for the identification of cholesterol and

pigment gallstones on the basis of atomic lines of different elements
and molecular bands of C2 molecules present in their LIBS spectra. They
also applied chemometric technique such as principal component
analysis (PCA) to LIBS data for rapid identification/classification of
different gallstone samples(32). Recently, Pathak and Singh (58) used
LIBS technique to analyze gallstones obtained from patients from the
northeast region of India (Assam).
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Several elements, including Ca, Mn, Mg, Cu,Si, P, Fe, Na, and K, were
detected in the gallstones. Lighter elements, including C, H, N, and O,
were also detected in gallstones. This capability of LIBS demonstrates its
superiority over other existing analytical techniques. They applied LIBS
technique to investigate the evolution of C2 swan bands and CN violet
bands in the LIBS spectra of the gallstones in air and an argon
atmosphere. The authors differentiated the dark and light layers of the
gallstones on the basis of the presence and intensities of the spectral
lines for C, H, N, O, and Cu. They made a good attempt to correlate the
presence of major and minor elements in the gallstones with the

.common diet of the population of Assam

Sample 1 Sample 2 Sample 3 Sample 4 Sample5

Figure 1 Gall stone samples used for LIBS studies

Focusing Sample on
Lens Translation stagq

Trigger Pulse

Nd:YAG Laser

Echelle Spectrograph
with ICCD

Detector
Head

—————

P N

f 1|
Computer

Figure 2 LIBS set-up used for the current study
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2.4- Applications of Lasers in Urology

2.4.1- Utility of LIBS to Urinary Stones

Within a few years of the development of a workable laser, studies on
their ability to fragment urinary stones had been reported. In vitro
destruction of urinary stones was studied by Mulvaney and Beck using a
694-nm ruby laser(33) . In their study, the urinary stones seemed to be
vaporized by the laser energy with a considerable heating effect.
Vaporization was enhanced by staining the stones blue or black.
Mulvaney and Beck noted that "apatitic and struvite stones broke
easily; oxalates with difficulty" and "significant shock waves are
produced and can be lessened by using air instead of water as a
medium." However, the accompanying thermal effect precluded the
ruby laser from clinical use because of the potential for tissue damage.
Anderholm addressed the problem of tissue-damaging heat production
and showed that the effects of the laser were related not only to
.(thermal energy but also to the development of shock waves

The search began for a suitable laser for in vivo fragmentation of
urinary stones. A continuous-wave (CW) carbon dioxide laser was used
by Tanahashi et al. to drill holes through stones.

Watson et al. emphasized that all CW lasers had a thermal action only
on stones. They noticed that the area of the stone that absorbed the
.laser energy became hot, melting and then vaporiz- ing

In 1987, Watson et al. reported the results of an in vitro study of stone
fragmen- tation using a tuneable flashlamp pumped dye laser with a
variety of dyes as the lasing medium emitting at 445, 504, and 577 nm.
They concluded that ureteroscopy itself was a more significant source of
potential ureteric damage than the modality of fragmentation. In 1987,
Dretler et al. were the first to report the clinical use of the pulsed dye
laser for stone fragmentation(34). This was a very promising new
technology enabling endoscopic more than 80-95% fragmentation of
stones.




There was no significant ureteral injury attributable to the laser energy.

Dye lasers have proved their ability to fragment stones; however, their
application is associated with several other difficulties, including very
high initial costs and expensive disposables (coumarin dye) and trouble
with fragmenta- tion of notoriously hard stones composed of calcium
oxalate monohydrate (COM), brush- ite, and cysteine

2.4.2- Applications of Lasers in Urology and Utility of LIBS to
kidney Stones:

Kidney stones were analyzed by using a commercially available LIBS
instrument with a 6-channel CCD spectrometer (RT100-EC LIBS
instrument. Applied Spectra, Inc., Fremont, CA). The RT100-EC integrates
a Nd:YAG laser with maximum of 50 mJ energy at 1064 nm and with 5 ns
pulse duration (FWHM). The system is capable of 20 Hz maximum
repetition rate. Gate delay of 1 us was selected to optimize the signal-to-
noise (S/N) ratio. The samples were placed into a chamber that could be
purged with different buffer gases. To maintain a consistent sample
height and therefore, consistent laser spot size, the system uses auto
height adjustment to account for morphological variation of the sample
surface. The spot size of 150 um was maintained at each sampled
location and the laser fluence was estimated to be 113 J/cm?(35). For
each sample, fifty single-shot LIBS spectra were acquired from four
different random locations, except for sample 5 due to its small size

This paper demonstrates LIBS as a promising, simple, and accurate
analytical method for the characterization of kidney stones. LIBS
emission lines characteristic of elements present in five different types
of kidney stones were detected at different locations of the stones,
producing elemental mapping. The lighter elements critical to kidney
stone classification such as C, H. and N were also detected with ease by
LIBS and not by XRF. The classification of the stones was conducted using
the spectral line intensity ratios of C, H, Ca, Mg, and P elements.

15




The 3D view of the PCA chart showed clustering characteristics with
respect to whether a stone was of organic/ inorganic nature or mixed.

A LIBS system has advantages for rapid analysis of kidney stones
compared to XRD and XRF LIBS also provides a measure of spatial
distribution of elements in the samples

Heterogeneous kidney stones were analyzed by LIBS using a short-
pulsed high power laser and high resolution multi-channel CCD

with LIBS, a laser beam can be focused on a sample <spectrometers
surface with a spot size less than a few tens of micrometers to achieve
high spatial resolution. Formation of kidney stones takes place over a
long period of

The results are beneficial in understanding kidney stone formation
processes, which can lead to preventive therapeutic strategies and
treatment methods for urological patients(36)

The ability of LIBS to determine the type of kidney stone without any
sample preparation, with high speed, and in situ under a clinical setting
is expected to significantly aid the medical community in selecting
proper treatment and preven- tion methods for patients. LIBS gives an
advantage of carrying out simultaneous elemental analysis and
classification of kidney stones using a single instrument, whereas this
range of information would only be possible by carrying out separate
measurements of XRF and XRD

2.5E+06

—— Sample 4 |

Intensity (a.u)

1.0E+06
Ca Ca
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‘a €
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3- Pharmaceutical application:

LIBS offers sev- eral remarkable features like in-situ and real-time
monitoring of chemical species, dosage strength identification and clas-
sifications of pharmaceutical samples . LIBS is a non/ minimal distractive
technique which can detect all integral parts (organic and inorganic) of
pharmaceutical sample in a single step. In essence, LIBS is an elemental
analysis tech- nique for rapid and spot analysis of wide range of samples.
It offers the capability to analyse different phases, i.e. solid, liquid, gas,
aerosol, powders, biological material, polymers. etc., of samples under
any atmospheric condition . This technique does not require additional
chemicals, which makes it safe and environment friendly. LIBS can play a
major role in elemental analysis of surface and internal dis- tribution of
drug samples. In the present study, we have examined five uncoated
drug samples named by A, B, C, D and E which con- tain only voglibose as
API, of dose strength 0.3, 0.2, 0.3, 0.2 and 0.3 mg. respectively, using
LIBS. The above five samples belong to three different brands; A and B
belong to one brand. C and D belong to the second brand and E belongs
to third brand. Six spectra of each tablet have been recorded and each
spectrum has an accumulation of 50 laser shots. Five tablets of each
sample have been investigated for the study. Voglibose (C10H1NO) was
dis- covered in Japan in 1981 and it is a class of competitive alpha-
glucosidase inhibitors (a-Gls) which is used for the treatment of type 2
diabetes.

Table 1  Spectral peaks of different elements observed in the LIBS
spectra of voglibose

S.N. Elements Wavelength (nm)

Carbon 247.8

Hydrogen 656.4

Silicon 2507, 251.6, 252.8, 288.1

Magnesium 279.5, 285.2,382.9,383.2516.7,517.3,518.3
Sodium 589.0,

Potassium 766.4,

Calcium 3933, 397.2

Nitrogen 742.3, 746.8, 818.4, 818.8, 821.6, 824.2
Oxygen TaND,

O 0 9 0 UL b W IN -
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*Analysis of film coating tablet by using
LIBS:

The majority of pharmaceutical tablets on the market are film-coated,
which serves several purposes, including taste masking, dissolution
modification, and the protection of active pharmaceutical ingredients
(APIs) against air, moisture and light. The photo-stability of film-coated
tablets often depends on the thickness of the coating pigment. LIBS
analysis was applied to tablets in this experiment to demonstrate
effective monitoring of coating composition, thickness and uniformity
with minimum sample preparation. (37)

4- Ophthalmology lasers :

As shown by Table 3, various lasers have been used for various
ophthalmic applications including retinal photocoagulation using argon
blue-green laser (488/514 nm), double-YAG green laser (at 532 nm),
krypton laser (at 647 nm) and diode lasers (at 806-810 nm).
Photocoagulation process was also used to seal leak blood vessels for
The treatment of age-related macular degeneration (AMD).(38-39)

5- Cosmetic and dermatology lasers

Figure 4 shows various cosmetic lasers and their applications for invasive
and non-invasive uses defined by their tissue penetration depth (d).
Lasers with small depth (d<0.1 mm) suitable for invasive wrinkle or
tattoo removal, whereas large depth (with d> 2 mm) suitable for non-
invasive simulation or hair removal. Figure 4 can be compared with
Figure 2 for the penetration depth. Figure 4 shows the commercial laser
for hair removal (using a diode laser at 810 nm with large penetration
depth about 4 mm) and hair growth device (using a red, 635 -690 nm,
LED or laser with smaller penetration depth and low power for surface
stimulation). Figure 5 shows a UV (308 nm) light device for the
treatment of psoriasis; and a pen-type blue laser (at 405 nm) combined
with a red laser (at 660 nm) for the treatment of acne.(40-41)

18




I.asers for
Cosmetic
applications

6- Conclusion:

The ratio-based classification and regression of pharmaceuti- cal
samples show that LIBS along with statistical analysis has the capability
of fast online assessment of identification and classification of
pharmaceutical drugs of different dosages and brands. Calibration
models are developed to predict relative intensity ratios of different
elements(0). Our study claims that H/ C ratio analysis can be applied for
rapid measurement of rel- ative concentrations as well as identification
of dose strength. It is found that H/C ratios are almost constant in the
LIBS spectra recorded in air and argon atmosphere; thus, it will be cost-
effective to perform experiment in air(0). LIBS can be used to identify
the counterfeit in generic pharmaceutical drugs. Thus, the proposed
methodology can be implemented for on- line, in-situ monitoring of
.active ingredients in pharmaceutical drug samples
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